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APPENDIX A 
FIELD EXPLORATION AND SAMPLING METHODS 

This appendix provides a description of the specific sampling and 
analysis procedures for data coUection during the site characterization 
work on the Blair Backup property in Tacoma, Washington. 
Explorations conducted at the site involved soU borings, test pits, and 
groimdwater monitoring wells. Analyses and testing included chemical 
analysis of soU and groundwater, hydraidic conductivity testing, and 
water level monitoring. 

Drilling Procedures 

This section presents the field procedures used to instaU sofl borings at 
the site. 

The eqtiipment and procedures used for hoUow-stem auger and cable 
tool drilling, sampling, decontamination, and borehole closure are 
discussed below. 

Hollow-Stem /iuger DriUing Methods 

Geoboring, Inc., instaUed a total of 17 soU borings and shaUow 
monitoring weUs from December 11 through 15, 1989, using a 
hoUow-stem auger (HSA) rig (MobU DriU B-61). Between August 1990 
and October 1990, McDonald Holt DriUing Inc. completed 9 additional 
sofl borings which included 4 more shaUow monitoring wells (HC-9S, 
HC-21S, HC-24S, and HC-25S). 

Standard auger drilling techniques were foUowed. No grease was used 
on the auger sections joints or accessory tooling. When heaving sofl 
conditions were encovintered and aU other standard methods (e.g., 
spinning the auger, using a plug, etc.) fafled to aUow proper placement 
of weU screen or advancement of the hole, water was used to flush 
down the hole to remove heaving sofls. A sample of this water was 
coUected for chemical analysis. 
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Eifuipment Decontamination 

Before any work began, the diiU rig, auger sections, steel casing, and the 
downhole equipment were steam cleaned. Between each boring the 
downhole driUing and sofl sampling equipment was steam cleaned using 
potable water or another source of clean water. 

All downhole sofl sampling equipment was decontaminated using the 
foUowing procedures before each sample was takeiL 

• First, the sampler was washed with clean water, 

• Then an Alconox solution was used to wash the sampler; and, 

• Last, the sampler was rinsed in successive baths of tap water and a 
deionized water spray. 

Sofl samples were coUected during driUing as foUows: 

• Sofl samples were taken at 2- to 5-foot-depth intervals using a 
spUt-barrel sampler. The samples obtained by the HSA driU rig 
were obtained as described in ASTM Standard D 1586 'Tenetration 
Test and SpUt-Barrel Sampling of Soils." 

• A 3-inch outside diameter, 18-inch long spUt-spoon sampler was 
driven into the sofl a distance of 18 inches using a 300-pound 
hammer, free-faUing 30 inches. In several wells, a 1.5-inch inside 
diameter sampler was used with a 140-poxmd hammer. The ntmiber 
of blows required to drive the sample the last 12 inches is the 
Standard Penetration resistance and is a measure of the relative 
density of granular sofls and consistency of cohesive soils. 

• After the sampler was retrieved, the sampler was placed on a clean 
surface. 

• The split-barrel was opened and the sofl sample spht longitudinally. 
A portion of the sample was placed in the sampling jar suppUed by 
the laboratory (samples were spUt longitudinaUy again if dupUcate 
samples were collected). 
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Cahle Tool DriUing Methods 

Holt Drilling, Inc., instaUed 11 sofl borings and intermediate monitoring 
wells from December 14, 1989 to January 4, 1990, using a cable tool 
driU rig (Bucyrus-Erie). 

The weUs were constructed through a series of steps designed to reduce 
the likelihood of cross-contamination between the ShaUow and 
Intermediate Aquifer during driUing. The method employed three 
casing sizes and required grouting a casing into the upper aquitard 
before drilling through this unit The foUowing procedure was used. 

• Drilling was initiated with 12-inch steel casing. This casing was 
advanced to the bottom of the ShaUow Aquifer and approximately 
one foot or less into the Upper Aquitard. The borehole was 
advanced by driving casing and bailing out the sofl plug. Some 
water was required to remove the sofl plug in the unsaturated zone, 
however, most of the added water was removed as the sofl slurry 
was bafled from the casing. 

• Once the Upper Aquitard was encountered and aU sofl was removed 
from the casing, a new 8-inch black steel casing was telescoped 
through the 12-inch casing and driven a few inches beyond the 
bottom of the hole. The 12-inch casing was then withdrawn as a 
cement-bentonite grout was tremied into the aimtflar space, grouting 
the 8-inch casing into the Upper Aquitard. 

• A 6-inch casing was then telescoped through the 8-inch casing and 
drilling continued to the Intermediate Aquifer. If the hole remained 
open, driUing was continued without using the 6-inch casing. 

• A grout pump, steam cleaning unit, and service truck with water 
tank was on-site for use. AU grout was mixed and placed in 
accordance with WAC 173-160. The 12-inch casing was reused 
foUowing decontamination as described under the Equipment 
Decontamination section. 

AU water and material produced fi'om bailing during advance of the 
borehole were coUected in 55-gaUon dnmis. 
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• The sample jar was wiped clean and capped with a Teflon-lined Ud, 

then placed in a cooled ice chest. 

• The remaining portion of the sample was placed in a clean glass 
sample jar, covered with tin fofl and capped for sample jar 
headspace vapor measxirements and sofl description. 

Sample Jar Headspace Vapor Measurement 

Sofl samples for sample jar headspace vapor measurements were 
coUected as described above. To take measurements: 

• The sample jar was aUowed to equiUbrate with ambient temperature 
conditions for a standing time of at least 10 minutes; 

• An H-Nu Photoionization Detector, Model PID 101, with a 10.2 eV 
lamp was used to take the measurements; 

• The sample jar Ud was unscrewed; and the tip of H-Nu Detector 
extension probe punctured the tin foil seal into headspace area of 
sample jar, 

• The field headspace vapor measurements for the sofl sample was 
then measured from the H-Nu meter; 

• Sample jar was recapped; and 

• H-Nu meter measurement was recorded on the field boring log for 
the appropriate sample. 

SoU Description 

A record of drilling and sampling operations was maintained on a field 
boring log form. Sofl descriptions were prepared using the system 
shown on Figure A-1, Key to Exploration Logs. Interpretive logs and 
monitoring weU construction diagrams are presented in this appendix on 
Figures A-2 through A-38. The descriptions were used to determine the 
occurrence and contacts between expected hydrogeologic units. Other 
pertinent data recorded on the logs included: 

• Sample interval, type, and recovery; 
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• Blow coimt (penetration resistance) from drive samples; 
• Sample jar headspace measurements; and 
• DriU action. 

Once the sofl from the sample was described, the sofl from the field 
headspace jar was emptied from the jar into the drill cutting container. 

Hole Abandonment 

Boreholes which were not completed as monitoring weUs were closed by 
grouting with cement-bentonite grout The surface was restored with 
appropriate pavement or surfacing material. Holes were abandoned in 
accordance with Chapter 173-160 WAC "Minimum Standards for 
Construction and Maintenance of Wells". 

DnUCuttinffS 

Cuttings from borings were placed in barrels pending chemical analysis. 
Drums were stored in a covered secure area. After the results of 
chemical analyses are received, a waste disposal contractor wiU remove 
the drums for appropriate disposal. 

Test Pit Excavation 

Test pits were generaUy excavated using a backhoe to approximately 
one to two feet below the groimdwater table or to a maximum depth of 
11 feet if groundwater was not encountered. Several test pits 
excavations coUapsed before encountering groundwater or before 
reaching the maximum 11-foot depth. A staiifless steel spoon was used 
to remove sample material from the center of the backhoe bucket 
Samples were composited in a covered stainless steel bowl or within the 
backhoe bucket before placing in sample jars. Samples coUected for 
sample jar headspace vapor and volatfle organic analyses were placed 
directly from the backhoe bucket into sampling jars. 

Sampling equipment and the backhoe bucket were cleaned after each 
test pit excavation. The backhoe bucket and a portion of the 
cormection boom were thoroughly steam cleaned. Sampling equipment 
was hand washed using an Alconox solution foUowed by successive 
rinses of tap and deionized water. 
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Test pits were backfiUed with the excavated sofl using the backhoe. 
stake was used to mark the test pit location. Test pit construction 
diagrams are presented on Figures B-39 through B-56. 

Ditch Sediment Sampling Procedures 

Ditch sediment samples, designated DS-100 through DS-109 
were coUected at two different ditch locations (Ohio Ferro-AUoy Ditch 
and the Permwalt Ag-Chem Ditch) spaced at approximately 100-foot 
intervals at the bottom of each ditch. At the time of samphng, 
September 7, 1990, the OFA Ditch was wet and the Permwalt Ag-Chem 
Ditch was dry. 

Samples were coUected with a 4-mch stairfless steel hand auger at depth 
intervals of 0 to 1.5 feet, 1.5 to 3.0 feet, and 3.0 to 3.5 feet AU sofls 
from the same depth were emptied into a stainless steel bowl and 
described. Sofls were sampled discreetly by depth, mixed with stainless 
steel spoons in staiifless steel bowls, placed into teflon-lined glass jars 
and transferred to coolers immediately. The chemical lab was 
instructed to composite aU samples from the same depth before 
analysis. Holes were backfiUed with original sofl. 

Groundwater Monitoring WeU Installation 

Groundwater monitoring weUs were generaUy instaUed in conformance 
with Chapter 173-160 WAC "Minimum Standards for Construction and 
Maintenance of WeUs." Variances were obtained from the Washington 
State Department of Ecology for shaUow weUs not conforming to these 
standeirds. Monitoring weU instaUation diagrams are shown on Figures 
A-2 through A-38. 

WeU InstaUation Procedures 

AU monitoring weUs were constructed with flush-threaded 
2-inch-diameter PVC and 2.5- to 10-foot-long screens (0.020-inch slot). 
Of the 32 weUs instaUed, 21 shaUow wells were completed at depths 
ranging from 7.5 to 15 feet Eleven intermediate wells were completed 
at depths ranging from 22.5 to 40 feet. The foUowing procedure was 
used to instaU the weUs: 
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• Two-inch inside diameter, flush-threaded, schedule 40 PVC screen 
(0.020-inch slots) and riser pipes were lowered down through the 
hoUow-stem auger, open hole, or through the 6-inch casing. 

^ As the auger or 6-inch casing was puUed out, Colorado siUca sand 
(Number 10 to 20) was placed around and approximately 1 tt) 2 feet 
above the screen section. The depth to the top of the sand pack 
was recorded by sounding inside the aimular space with a weighted 
measuring tape. 

• Bentonite seals were used above the sand pack. In the shaUow wells 
this seal consisted of bentonite peUets or chips placed dry and 
moistened with clean water. In the intermediate wells, the seal 
consisted of bentonite grout A 2-foot-thick bentonite peUet or chip 
seal was placed dry on top of the sand pack. Bentonite grout was 
then placed on top of this dry bentonite layer using a tremie pipe. 

• The grout extended from the top of the sand pack to the base of the 
surface monument. 

• A concrete surface seal was then placed above the bentonite grout 
seal at ground surface. 

• A steel flush-to-the-ground water-proof or stick-up monument 
(depending on the weU locations), set in concrete, was placed over 
the fimshed groundwater monitoring weU instaUation for security 
protection. 

• If a stick-up type of monument was instaUed, three steel posts were 
placed around the monitoring weU monimient for traffic protection. 

• Each weU was then vented and secured with a padlock. 

Groundwater Monitorine WeU Development 

In order to increase the hydrauUc cormection between wefl and 
formation, and to decrease the turbidity content of the groundwater 
samples, monitoring weUs were developed before sampling as follows: 

• Bottom filUng bailer was used to surge and remove the sediment in 
the screened section of the groundwater monitoring weU; 
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• Hand bailing or pumping (using a peristaltic pump) was continued 
untfl at least ten casing volumes of groundwater were removed or 
untfl the weU was bafled dry twice; 

• AU water flushed down the weU during weU instaUation was 
removed; 

• AU equipment that went into the weU were decontaminated before 
use as described in the Equipment Decontamination section; 

• A new length of polypropylene rope was used for the bafler at each 
weU site; and 

• WeU development data was documented on Hart Crowser's Field 
WeU Development Data Form. 

Groundwater Monitoring WeU Vertical Control Survev 

The top of casing for each of the new groundwater monitoring weUs was 
surveyed by the Port of Tacoma to the Port of Tacoma datum (Mean 
Lower Low Water) with an accuracy of 0.01 foot. 

''mi' 

Groundwater Sampling 

The foUowing sections discuss the equipment and procedures used for 
sampling and handling of groundwater samples. 

Equipment 

The foUowing equipment was used for groundwater sampUng: 

• pH, temperature, EC meter, dissolved oxygen meter, and redox 
probe; 

• Electronic weU sounder, 
• Dedicated PVC baflers; 
• Ffltering equipment; 
• New polypropylene rope; 
• Appropriate sampling containers; 
• Ice and cooler; and 
• Sample Custody Record. 
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Groundwater SampUng Procedure 

Groundwater samples were coUected using the foUowing procedure: 

• The general condition of the weU and immediate area was noted 
and recorded, 

• The depth to water level from the top of casing was measured as 
described in Sample Handling Protocol section. 

• Prior to sampling, three to five casing volumes of water were 
removed from the weU using a dedicated PVC bafler or 
non-dedicated staiifless steel baflers in existing EPA weUs. Water 
purged from the weUs were placed into a 55-gaUon drum. 

• Groimdwater samples were generaUy coUected with a dedicated 
PVC bafler. The bafler was lowered into the weU with 
polypropylene rope. Stainless steel baflers with new polypropylene 
rope was used to sample the existing EPA wells. 

• Groundwater retrieved from the monitoring weU was poured into 
clean, labeled, sampling containers suppUed by Laucks and capped. 
Sampling containers not containing preservatives were rinsed with 
the water to be sampled before coUecting the sample. Samples for 
volatfle analysis were coUected first. Volatfle sample containers 
were slowly fiUed with water, capped, inverted, and tapped to check 
for remaining air bubbles. If samples contain bubbles, the 
procedure was repeated. Sample containers were fiUed slowly to 
minimize turbulence. Groundwater samples coUected for dissolved 
metal analysis were filtered in the field using a peristaltic pump and 
an in-line 0.45 micron filter before being placed in the appropriate 
sample containers. Field blanks were coUected in simflar maimer. 

• Groundwater samples were immediately placed in a cooled ice chest 
Samples coUected for volatfle analysis were placed in plastic sealable 
bags to minimize cross contamination. Samples suspected of 
containing high concenfrations of organic contaminants were stored 
in a separate cooler. 
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*• After samples for chemical analysis had been coUected, a sample 

was obtained for field measurement of temperature, pH, electrical 
conductivity, dissolved oxygen, and redox potential. 

• Groundwater samphng activities were documented on Hart 
Crowser's field Groundwater SampUng Data form. 

> Samples coUected for chemical analysis were transported to the 
analytical laboratory within 24 hours from the time they were 
coUected using chain of custody procedures (see Sample Handling 
Protocol section). 

Sample Handling Protocol 

Appropriate sample containers provided by Laucks were used. Each 
container was labeled with an indelible marker or pre-appUed labels 
suppUed by the analytical laboratory. Time, date, initials of sampler, 
site location, and weU name was written on the labels. Sampling 
activities were recorded on the record form or log. A chain of custody 
record was completed. 

Immediately after sampling, samples were placed with appropriate 
packing in cooled transport containers provided by Laucks. Samples 
from simflarly contaminated areas were kept in the same coolers to 
further prevent cross contamination. 

The chain of custody record was completed when samples were 
deUvered to Laucks. At a minimum, the foUowing was included: 

• Qient identification information; 
• Name of person receiving the samples; 
• Condition of transport and sample containers; 
• Verification of sample containers and chain of custody record; 
• Time and data samples delivered to analytical laboratory; 
• AUocation of samples; and 
• Required sample analysis. 

A copy of the chain of custody record was retained and provided to the 
appropriate QA officer. 
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Water Level Monitoring and Tidal Response Assessment 

Measurements of the water level in the wells were conducted 
concurrently with development of tidal records for selected shaUow and 
intermediate wells. Water levels were also coUected at several surface 
water locations. Water level and tidal cycle monitoring were conducted 
in February and September 1990, and Januaiy 1991. Afl the weUs were 
measured within a 2-hour period during a high tide cycle. Water level 
data are presented in Table A-1. In February 1990, three shaUow wells 
(HC-14S, HC-6S, and HC-12S) and three intermediate weDs (HC-141, 
HC-61, and HC-121) were continuously monitored with an automated 
data acquisition system during one tidal cycle. These data were used to 
assess the affects of tidal variations on the aquifers (Figures A-57 and 
A-58). We assumed tide elevations based on published tide tables as 
weU as data coUected at a tide monitoring station located in the Blair 
Waterway Marine Raflway Dock. 

Manual water level measurements were made using a calibrated electric 
weU probe. The measurements were recorded to 0.01 foot 

Hydraulic Conductivity Testing 

In situ hydrauUc conductivity testing (specificaUy slug tests and bafler 
tests), were conducted in 22 selected weUs. Rising head and falling tests 
were conducted in the shaUow weUs and these data were analyzed using 
the Bouwer and Rice or Hvorslev methods (Table A-2). Rising head 
data were analyzed for weUs with unsaturated screens and faUing head 
data were analyzed for weUs with fuUy saturated screens. Rising head 
and faUing head tests were conducted in the intermediate wells and 
these data were analyzed using the Hvorslev method. The tests were 
accompUshed using a slug rod or bafler to displace the water in the weU. 
An automated data acquisition system Avas used to record the water 
level changes with time. 

Grain Size Analysis (GS) 

Grain size distribution was analyzed on selected sofl samples from the 
borings in general accordance with ASTM D 422. Wet sieve analysis 
was used to determine the size distribution greater than the U.S. No. 
200 mesh sieve. The size distribution for particles smaUer than the No. 
200 mesh sieve was determined by the hydrometer method for a 
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selected number of samples. The results of the tests are presented as 
curves on Figures A-59 and A-60 plotting percent finer by weight versus 
grain size. 

Previous Explorations by Others 

This appendix also presents logs of explorations by other consultants for 
reference. Logs developed by Ecology and Engineering, Inc., for weUs 
EE-6 through EE-10 are presented on Figures A-61 through A-68. 
Logs developed by Shannon and Wflson for weUs P-IOSS, P-IOS, and 
P-IOD are presented on Figures A-69 through A-71. These explorations 
are shown on Figure 5 as P-IOS, P-IOI, and P-IOD, respectively. 
Shannon & Wflson also developed logs for MW-SS,I; MW-10S,y5; and 
MW-11S,I which are presented on Figures A-72 through A-78. Logs 
developed by CH2M Hfll for weUs MW-1 ID; MW-13S,I,D; MW-16S,I; 
MW-27S; MW-281; MW-291; MW-30I; MW-32S; MW-33S; MW-361; 
MW-39I; and MW-43S are presented on Figures A-79 through A-93. 
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Table A-1 - BUir Backup Oroupdwiter tod Suffice Water Elevation Dala Sheet I of 3 

era 
n 

Moailoring Refereocc 

Location Bevalioo 

Shallow Weill 

HC-IS 24.23 

HC-2S 27.57 

HC-3S 24.68 

HC-4S U.Sl 

HC-SS I6.»2 

HC-6S 16.0S 
HC-7S 19.31 
HC-8S U.gO 

HC-9S 19.12 
HC-IOS 15.32 
HC- l lS 17.93 
HC-12S 20.70 
HC-I3S 27.55 
11C-14S 22.71 
HC-I5S 17.72 
HC-16S 17.05 
HC-I7S 21.70 
HC-183 22.97 
HC-21S 17.74 
HC-24S 15.78 
HC-2SS IS.SS 

btemieaute WelU 
HC-21 27.29 
HC-3I 24.59 
HC-41 U.IO 
HC-61 16.21 
HC-IOI 15.47 

HC-121 20,06 
HC-131 27.27 

HC-141 22.68 

HC-1 SI 17.67 

HC-161 17.47 

HC-171 21.35 

1/19/90-1/19/90 

Depth lo 

Water 

8.32 

9.95 

9.60 

3.95 

1.28 

0.59 
4.65 
2.80 

1.27 
2.46 
5.00 
8.93 
3.25 
3.10 
4.85 
3.03 
3.55 

17.93 
13.75 
7.45 
S.7S 
3.90 

10.24 

19.20 

12.65 

7.18 

7.21 

10.25 

Water 
Elev. 

15.91 

17.62 

15.08 

14,86 

15.54 
15.46 
14.66 

16.00 

14.05 
15,47 

.15.70 
18,62 
19.46 
14,62 
12.20 
18.67 
19.42 

9.3« 
10.84 
10.65 
10.46 

11.57 
9.82 
8.07 

10.03 

10.49 

10.26 

11.10 

2/2/90-

Deplh lo 

Water 

7.62 

10.36 

9.16 

3.84 

1.65 
0.64 

4.59 

2.81 

1.47 
2.46 
5.14 
9.09 

3.22 
345 
4.42 
2 89 
3.39 

16,34 
13.32 
6.95 
4.68 
4.06 

10.12 

16.34 
12.01 

6.85 

6.97 

9.98 

High Tide 

Walcr 
Elev. 

16,61 

17.21 

15.52 

14.97 

15.17 

15.41 

14,72 
15.99 

13,85 

15,47 
15.56 
18,46 
19,49 
14,27 
12,63 
18 81 
19,58 

10.95 
11.27 
11.15 
11.53 
11.41 

9.94 

10.93 
10.67 

10.82 

10.50 
11.37 

2/7/90-

Deplh lo 

Water 

8.80 

8.80 

4.35 

0.07 
4.70 

2.60 

1.80 

4.95 
8.60 
3,05 
3.30 
5.62 

3.45 

6.75 
5.05 
4.00 

10.00 

6.75 

•2/9/90 

Waler 

Elev. 

18.77 

15.88 

14.46 

15.98 
14.61 

16.20 

13.52 

15.75 
18,95 
19.66 
14,42 
11,43 

19.52 

11.35 
11.16 
11.47 
10.06 

10.92 

9/11/90-High Titie 

Depth lo 

Water 

i .y 

d„ 
dot 

5.55 

3.55 

2.34 
6.02 

5.78 
6.57 

3,05 
428 
7.15 

12.96 
7.72 
5.13 
5.66 
7,71 
7.40 
5.50 

15.06 
8.20 

5.46 
11.38 

17.72 

13.32 
8.03 

8.13 
11.60 

Water 

Elev. 

13.26 

13.27 
13.71 

13.29 
13.02 
12.55 
12.27 

13.65 
13.55 
14.59 
14.99 
12.59 
11.39 
13,99 
15.57 
12.24 

9.53 
9.90 

10.01 
8.68 

9.55 

9.36 

9.64 

9.34 

9.75 

l/25/91-HighTide | 

Deplh to 

Water 

8.39 

9.10 

12.65 

4.30 

1.96 
1.42 
4.80 

3.27 
3,88 
1.67 
2.52 
5.03 
9.47 
3.41 
3.01 
3.13 
3.88 
3.79 
2.05 
1.68 
1.27 

16.92 
14.95 
7.28 
5.18 
4.62 

10.78 
16.82 

12.28 

7.20 

7.16 

10.47 

Water 
Elev. 

15.M 

18.47 

12.03 

14.51 

14.86 
14.63 
14.51 
15.53 
15.24 
13.65 

15.41 
15.67 

18.08 
19.30 
14.71 
13.92 
17.82 
19.18 
15.69 
14.10 
14.28 

10.37 
9.64 

10.82 
11.03 
10.85 
9.28 

10.45 
10.40 

10.47 

10.31 
10.88 

Note: Elevatiooa are reported lo feet rclative to the Port of Tacoma Datiuo of Mean Lower Low Tide 
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Table A-1 - Blair Backup Oroundwtlcr and Surface Water Elevation Dala Sheet 2 of 3 

Monitoring 

Location 

EPA Wclli 

EPA-61 

EPA-7S 

EPA-81 

EPA-9S 

EPA-IOI 

Pennwalt Well 

P-IO-SS(S) 

P-10-S(D 

K26-SS 

K27-SS 

K28-SS 

Kalicr Welti 
N-S 

N-1 

Surface Water 

HC-SWL-1 

HC-SWL-2 

HC-SWL-3 

HC-SWL-4 

HC-SWL-5 

HC-SWL-6a 

HC-SWL-6b 

HC-SWL-7a 

HC-SWL-7b 

HC-SWL-8 

Reference 

Elevalion 

18.72 

19.00 

18.40 

18.44 

16.86 

i 

18.26 

17.49 

19.33 

18.19 

19.02 

20.51 

21.03 

17.18 

17.89 

14.72 

21.61 
14.86 

13.94 

15.84 

13.17 

15.16 

24.45 

1/10/90-1/19/90 

Depthto 

Waler 

7.91 

3.48 

7.90 

3.69 

6.45 

Waler 

aev. 

10.81 

15.52 

10.50 

14.75 

10,41 

• 

2«/90-High Tide 

Depth lo 

Waler 

7.70 

3.56 

7.55 

3.45 

6.05 

5.11 

6.56 

5.33 

1.63 

9.78 

1,45 
2.82 

2.70 

1.15 

2.15 

1.6 

2.80 

Waler 

Elev. 

.J 

11.02 

15,44 

10.85 

14.99 

10,81 

13.15 

10,93 

13.69 

18,88 

11.25 

15.73 

15.07 

12.02 

13.71 

13.69 

13.56 

21.65 

9/11/90-High Tide 

Depthto 

Water 

8,88 

5.42 

8.90 

5.52 

7.16 

6.13 

7,70 

4.54 

5.80 

6,58 

5.13 

11.72 

1.91 

1.45 

2.69 

Waler 
Elev. 

9.84 

13.58 

9.50 

12.92 

9.70 

12.13 

9.79 

14.79 

12.39 

12.41 

15,38 

9.31 

12.95 

12.49 

12.47 

1/25/91-

Deplhlo 

Water 

8.09 

3.40 

7.88 

3.39 

6.33 

2.02 

2.31 

2.89 

High Tide 

Waler 

Elev. 

10.63 

15.60 

10.52 

15.05 

10.53 

12.84 

11.63 

• 10.28 

Note: Elcvationa arc reported in fed relative to the Port of Tacoma Datum of Mean Lower Low Tide 
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Table A-1 - BUir Backup OroundwaUr and Surface Water Elevation DaU Sheet 3 of 3 

Monitoring 

Location 

Refcicoce 

Elevatioo 

Reichhold WelU 

MW-IOS 

MW-IOI 

MW-IIS2 
MW-1II2 
MW-12S 

MW-121 
MW-13S-

MW-131 

MW-16S 

MW-161 
MW-2IS 
MW-22S 
MW-221 
MW-25S 
MW-281 
MW-291 
MW-32S 
MW-361 
MW-40I 
MW-441 
MW-54S 

20.66 

20.68 
18.19 

20.18 
18.09 

17.21 
19.73 

19.78 
18.83 
19.00 

19.21 
19.04 
18.89 

19.12 
23.14 
21.41 
19.27 
18.85 
17.34 
16.99 

2/2/90-
Dcplhto 

Waler 

3.01 

8.25 
1.24 

4.27 
4.39 
8.53 

2.14 
7.09 

2.86 
7.05 

11.77 
10.16 
3.13 
8.10 
6.35 
4.43 

High Tide 

Waler 
Elev. 

15.18 
11,93 

16.85 

I2 . * l 
15.34 

11.25 

16,69 

11.91 

16.18 
11.84 

11.37 
11.25 
3.13 

10.75 
10.99 
12.56 

9/11/90-High Tide 
Depth to 

Water 

10.48 

11.43 
dry 

11.53 

6.18 
6.81 

5,88 
9,21 

6.21 
9,04 

14.18 
12.44 

8.24 
6.91 

Waler 

Elev. 

10,18 

9.25 

8.65 
11.91 

10.40 

12.95 
9,79 

12.83 
9,85 

8,96 
8,97 

9.10 
10.08 

1/25/91-

Dcpthlo 

Water 

7.22 

9.38 
3.81 
9,11 

1.14 
4.71 

4,92 
9.02 

2,56 
7,56 
2,17 
3.15 
7.52 
1,68 

12.48 
10,92 
3.01 
8.58 
7.25 
6.01 

High Tide 

Water 
Elev. 

13.44 

11.30 
14.38 

11.07 

16.95 
12.50 
14.81 

10.76 

16.27 
11.44 
17.04 
15 89 
11.37 

17.44 
10.66 
10.49 
16.26 
10.27 
10.09 
10.98 
15.20 

Note: Elevalioiu are reported in feel rcUllve to Ihe Port of Tacoma Datum of Mean Lower Low Tide 
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Hart Crowser 
J-2350-07 

Table A-2 - Well Screen Depth and HydrauUc Conductivity Estimates 

Screened 
Well Interval 
Niunber bgs in Feet 

Shallow 
HC-IS 
HC-2S 
HC-3S 
HC-4S 
HC-5S 
HC-6S 
HC-7S 
HC-8S 
HC-9S 
HC-IOS 
H C - l l S 
HC-12S 
HC-13S 
HC-14S 
HC-15S 
HC-16S 
HC-17S 
HC-185 
HC-21S 

Wells 
4 to 14 
S t o 10 
5 to 10 
4 to 9 
4 t o 9 
3 to 8 
5 to 7.5 
2.5 to 7.5 
2 to 7.5 
6.5 to 9 
5 to 7.5 
5 to 10 
7.5 to 15 
5 to 10 
2.5 to 7.5 
2.5 to 7.5 
5 to 7.5 
5 to 10 
2 to 6 

Intermediate Wells 
HC-21 35 to 40 
HC-3I 
HC-41 
HC-61 
HC-IOI 
HC-121 
HC-131 
HC-141 
HC-151 
HC-161 
HC-171 

28 to 33 
18 to 23 
19 to 24 
8 to 13 
21 to 26 
31 to 36 
23 to 28 
17.5 to 22.5 
18 to 23 
17.5 to 22.5 

Material 
Type 

SELTY SAND & SANDY SILT 
SILTY SAND & SANDY GRAVEL 
SILTY SAND & SAND 
SAND WITH SILT LENSES 
SAND 
SILTY SAND 
SILTY SAND 
SILTY SAND 
SILTY SAND 
SILTY SAND 
GRAVELLY SAND 
GRAVELLY SAND & SILTY SAND 
GRAVELLY SAND & SAND 
SILTY SAND 
SAND 
GRAVELLY SAND & SAND 
SILTY SAND 
SILTY SAND 
SILTY SAND 

SAND 
SAND 
SAND WITH SILT LENSES 
SAND 
SAND 
SAND WITH SILT LENSES 
SAND 
SAND 
SAND WITH SILT LENSES 
SAND & SANDY SILT 
SAND 

Estimated Hydraulic Conductivity (*) 
Bouwer and Hvorslev Hazens DIO 
Rice (1989) (1951) (1892) 

4.9x10-3 
4.9x10-4 
2.3x10-4 

2.4x10-3 
5.5x10-4 

1.2x10-3 

4.9x10-4 

3.2x10-4 
1.4x10-4 
4.3x10-4 
9.5x10-4 
1.4x10-4 

1.1x10-3 

" ' 

1.1x10-3 

4.4x10-4 

1.2x10-3 
1.3x10-4 
5.7x10-3 
6.6x10-5 

2.5x10-3 

8.4x10-3 

1.X1&-2 
_ 

6.X10-3 
9.X10-4 

Notes: 
(*) Hydraulic conductivity units are expressed in centimeters per second (cm/sec). 
bgs Below ground surface. 

•mx-tviiicui 

.a,g',=- -18 



Key t o E x p l o r a t i o n Logs 
Sample D e s c r i p t i o n s 
Classification o^ soils in this report is based on visual field and laboratory odservations 
which ihc luQe oensity/consistency. moisture condition, grain size, and plasticity estimates 
and should not be construed to-implyfielO nor laboratory testing unless presented herein. 
Visual-manual classification methods of ASTM 0 2466 were used as an identification guide. 

Soil descriptions consist of the following: 
Density/consistency, moisture, color, minor constituents. MAJOR CONSTITUENT, additional remarks. 

Density/Consistency 
Soil density/consistency in borings is 
Soil density/consistency in test pits 
parenthetically on the test pit logs. 

SANO or GRAVEL 

Density 

Very loose 

Loose 

Medium dense 

Dense 

Very dense 

Standard 
Penetration 
Resistance 
in Blows/Foot 

0 - 4 

4 - 1 0 

10 - 30 

30 - 50 

>50 

related primarily 
is estimated based 

SILT or CLAY 

Consistency 

Very soft 

Soft 

Medium stiff 

Stiff 

Very stiff 

Hard 

to the Standard Penetr 
on visual observation 

Standard 
Penetration 
Resistance 
in alows/Foot 

0 - a 

2 - 4 

4 - 8 

a - 1 5 

15 - 30 

>30 

atlon Resistance, 
and is presented 

Approximate 
Shear 
Strength 
in TSF 

<0.125 

0.125 - 0.25 

0.25 - 0.5 

0.5 - 1.0 

1.0 - 2.0 

>2.0 

Moisture 
Dry 

Damp 

Moist 

Wet 

Little perceptible moisture 

Some perceptible moisture. 
probably below optimum 
Probably near optimum 
moisture content 
Much perceptible moisture. 
probably above optimum 

Legends 
Sampling 
BORING SAMPLES 

^ Split Spoon 

S Shelby Tube 

[[[Q Cuttings 
« No Sample Recovery 
P Tube Pushed. Not Driven 

Monitoring Well Observations 
Flush Mounted Monument 

Concrete Surface Seal 

8-incft • Borehole 

Bentonite Grout 

2-inch « Risef Pioe 

Water Lave! 

10/20 Sand Pack 

2-inch® 0.020 Slot 
PVC Screen 

Native Material 

Minor Constituents 
Not identified in description 

Slightly (clayey, silty. etc.) 

Clayey, silty. sandy, gravelly 

Vary (clayey, silty. etc.) 

Estimated 
Percentage 

0 - 5 

5 - 1 2 

12 - 30 

30 - 50 

Test 

GS 

CN 

TUU 

TCU 

TCD 

QU 

as 

K 

PP 

TV 

CBR 

MO 

AL 

Symbols 

Grain Size Classification 

Consolidation 

Trlaxlal Unconsolidated Undralned 

Trlaxlal Consolidated Undralned 

Trlaxlal Consolidated Drained 

Unconfined Compression 

Direct Shear 

Permeability 

Pocket Penetrometer 
Approximate Compressive Strength in TSF 
Torvane 
Approximate Shear Strength in TSF 
California Bearing Ratio 
Moisture Density Relationship 

Atterberg Limits 

^ Water Content in Percent 
•-Liouid Limit 
—Natural 
—Plastic Limit 

HARTCROWSER 
J-2350-07 6 /91 
Figure A - 1 



Boring Log and Construct ion Data for 
Moni tor ing Well HC- IS 

Geologic Log 

Q .£ Ground Surface Elevation in Feet 
0-

Monitoring 
Well Design 
Casing Stickup in i^eet 
Top of PVC in Feet 24. 

'ii{|j)!;i 

2.1 
23 

22.10 

5 — 

10 — 

15 — 

2G — 

25-

Sample N H-Nu 
Loose, moist, brown, very silty, fine 
SAND with iron staining and some 
organic matter. 
(Shallow Aquifer) 

Loose, moist, black, silty SAND with 
multicolored grains. 

Medium stiff to soft, wet, gray and 
black, very sandy SILT to clayey SILT 
with plant remains. 
(Upper Aquitard) 

Bottom of Boring at 11.5 Feet. 
Completed 12/15/89. 

S-1 

S-2 

S-3 

S-4 

X 

X 

X 

X 

10 ND 

ND 

ND 

ND 

o 
\ 
CM 

V 

1. Refer to Figure B—1 for explanation of descriptions 
ond symbols. 

2. Soil descriptions and stratum lines are interpretive 
and actual changes may be gradual. 

3. Ground woter level, if indicated, is at time of drilling 
(ATTD) or for dote specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parentheticolly. 

OO 

J-2350-07 

Figure A - 2 
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Boring Log and Construction Data for 
Monitoring Well HC'2S 

Geologic Log 

t : 0) 

UJ 

Q .£ Ground Surface Elevation in Feet 25.50 
0-

Monitoring 
Well Design 
Cosing Stickup in Feet 2.1 
Top of PVC in Feet 27.57 

5 -

10-

15 — 

20 — 

25—" 

Somple N H-Nu 

Medium dense, moist to wet, gray, very 
gravelly SAND to very sandy GRAVEL 
with concrete and asphalt debris. 
(Shallow Aquifer) 

Loose, wet, brownish gray, silty SAND 
with iron staining. 

Medium dense, wet, brownish gray to 
gray, wery sandy GRAVEL to very gravelly 
SAND. 

Loose, wet, block, silty SAND with 
multicolored grains and some plant 
remains. 

Medium stiff, wet, dark gray and black, 
clayey SILT with some plant remains and 
a thin layer of very silty, fine sand. 
(Upper Aquitard) 

Bottom of Boring at 17.0 Feet. 
Completed 12/15/89. 

S-1 

S - 2 

S - 3 

S - 4 

S - 5 

23 

23 

10 

NO 

ND 

NO 

ND 

ND 

O 

s/ 

1. Refer to Figure B—1 for explonotion of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for dote specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oo 

J-2350-07 

Figure A - 3 
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Boring Log and Construction Data for 
Monitoring Well H C S S 

Monitoring 
Geologic Log Well Design 

' • i & i ^ 

±: a) 

<" r - Ground Surface Elevation in Feet 22.52 

10 — 

15 — 

20 — 

2 5 - J 

Sample N 

Casing Stickup in Feet 2.2 
Top of PVC in Feet 24.58 

H-Nu 

Moist, brown, gravelly SAND with roots 
and iron staining. 
(Shallow Aquifer) 

Medium dense to loose, moist, brown, 
slighlty silty to silty SANO with iron 
staining. 

Loose, moist to wet, block, slightly 
gravelly, slightly silty to clean, medium 
to fine multicolored grains and iron 
staining. 

Soft, wet. dork gray to block, slightly 
clayey to wery clayey SILT with 
abundant plant remains. 
(Upper Aquitord) 

Bottom of Boring at 14.0 Feet. 
Completed 12/15/89. 

S-1 

S - 2 

S - 3 

S - 4 

12 

10 

11 

ND 

ND 

ND 

ND 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if Indicated, is at time of drilling 
(ATD) or for dote specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

£^17 
OD 
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Figure A—4 
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Boring Log and Construction Data for 
Monitoring Well HC'4S 

m>'' 
Geologic Log 

ZZ 0) 

Monitoring 
Well Design 
Cosing Stickup in Feet 2.3 

Top of PVC in Feet 18.81 

Q .£ Ground Surface Elevation in Feet 
0-

16.51 

n 

10 — 

15 — 

20 — 

25-

Sample N H-Nu 

Moist, brown, very gravelly SAND. 
(Shallow Aquifer) 

Medium dense, mois t , greenish gray 
SAND with plant roots. 

Medium dense, moist to wet, black, 
sl ight ly s i l ty SAND with rnult icolored 
grains and gray SILT lenses. 

Very loose, wet, dork gray and brown, 
clayey SILT with abundant plant remains. 
(Upper Aqui tard) 

B o t t o m of Boring at 11.5 Feet. 
Completed 1 2 / 1 4 / 8 9 . 

S -1 

S - 2 

S - 3 

S - 4 

26 

ND 

1. Refer t o Figure 8—1 for explonotion of descript ions 
and symbols. 

2. Soil descr ipt ions and s t ra tum lines are interpretive 
and actual changes may be gradual. 

3. Ground woter level, if indicated, is at t ime of drilling 
(ATD) or for date specified. Level may vary with t ime. 

4. Bold line indicates boundary between major hydrogeologic 
un i ts shown parenthet ical ly. 

O O 

oa 
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Figure A - 5 
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Boring Log and Construction Data for 
Monitor ing Well HC '5S 

Geologic Log 

J Z <u 

(U 

Q . £ Ground Surface Elevation in Feet 17.23 
0-

Monitoring 
Well Design 
Casing Stickup in Feet —0.4 

Top of PVC in Feet 16.82 

^iji||j^!? 

5 -

Soft, wet, dork gray ond block, cloyey SILT. 

~] Loose, wet, block SAND with multicolored groins. | 

Loose, wet, greenish gray SANO. 

10 — 

15 — 

20 — 

2 5 - ^ 

Sample N H-Nu 

Moist, brown, very gravelly SANO. 

Medium stiff, wet, dork gray and block. 
cloyey SILT. 

Very loose, wet, block, sl ight ly silty 
SAND with mul t ico lored grains. 

Very loose, wet, black, sl ight ly silty, 
f ine SANO. 

Very sof t , wet, dark gray and brown, 
clayey SILT with abundant p lant remains. 
(Upper Aquifer) 

Bo t tom of Boring at 11.5 Feet. •) 
Completed 1 2 / 1 4 / 8 9 . 

S-1 

S-2 

S-3 

S-4 

X 

X 

X 

ND 

12 

ND 

ND 

1. Refer to Figure B—1 for explonot ion of descriptions 
and symbols. 

2. Soil descr ipt ions and s t r a t u m lines are interpretive 
and actual changes may be gradual. 

3. Ground water level, if ind icated, is at t ime of drilling 
(ATD) or for dote specif ied. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
un i ts shown parenthet ical ly . 

C O 

oo 

J-2350-07 

Figure A - 6 

12/8y 



Boring Log and Construct ion Data for 
Monitor ing Well HC-6S 

Monitoring 
Geologic Log Well Design 

J Z <" 
- ^ Oi 
a '— 
a> 

Q . b Ground Surface Elevation in Feet 16.57 
0-

Moist, grayish brown, very gravelly 
SAND with 2 to 3—inch cobbles. 
(Shallow Aquifer) 

Loose to very loose, wet, block, 
s l ight ly si l ty SAND with mul t ico lored 
groins. 

Casing Stickup In Feet —0.5 

Top of PVC in Feet 16.05 

Lab 
Sample N Test H -Nu 

o 

10 — 

1 5 -

20-

25-

Soft , wet, dork gray and brown, sandy 
SILT with abundant plant remains. 
(Upper Aqui tard) 

B o t t o m of Boring at 11.5 Feet. 
Completed 1 2 / 1 5 / 8 9 . 

S -1 

S - 2 

S - 3 

S - 4 

ND 

ND 

ND 

GS ND 

ii 
CM 

\ 
CN 

V OTW 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descr ipt ions and s t ra tum lines ore interpretive 
and actua l changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for date specified. Level may vary with t ime. 

4. Bold line indicates boundary between major hydrogeologic 
uni ts shown parenthetical ly. 

O O on 

J-2350-07 

Figure A - 7 
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Boring Log and Construct ion Data for 
Moni tor ing Well HC-JS 

Geologic Log 

J Z <" 
- _ 0) 

0 
Ground Surface Elevotion in Feet 17.37 Sample N 

Monitoring 
Weli Design 
Casing Stickup in Feet 1.9 
Top of PVC in Feet 19.31 

H-Nu 

ill 

5 — 

10 — 

15 — 

20-

25-

Moist, brown, very gravelly SAND. 
(Shallow Aquifer) 

Loose, moist, dork gray, slightly silty 
to silty SAND with multicolored groins. 

Very soft, wet, dark gray, slightly sandy, 
clayey SILT with plant remains. 
(Upper Aquitard) 

Bottom of Boring at 11.5 Feet. 
Completed 12/11/89. 

S-1 

S - 2 

S - 3 

S - 4 

3. 

4. 

5 . 

1. Refer to Figure B-1 for explonotion of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 
Ground water level, if indicated, is at time of drilling 
(ATD) or for dote specified. Level may vary with time. 
Bold line indicates boundary between major hyorogeologic 
units shown parenthetically. 

NO 

ND 

NO 

ND 

O O 

oo DmmmmmK 
J-2350-07 12/89 

Figure A - 8 



Boring Log and Construct ion Data for 
Moni tor ing Well HC-BS 

Geologic Log 

JZ ^ 
^ Q) 

Q . £ 
0-

Monitoring 
Well Design 
Cosing Stickup in Feet 2.2 
Top of PVC in Feet 18.80 

Ground Surface Elevation in Feet 16.63 Sample N 

5 — 

10-

15-

20 — 

2 5 ^ 

Moist, dark brown SANO. 
(Shallow Aquifer) 

Very loose, wet, black, slightly silty 
to silty SAND with plant remains and 
multicolored grains. 

Very soft, wet, dark gray and brown, 
very clayey SILT with abundant plant 
remains. (Upper Aquitard) 

Bottom of Boring at 9.0 Feet. 
Completed 12/12/89. 

S-1 

S - 2 

S - 3 

< < 

< 

. Coving of 
Native Mottrlot 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is ot time of drilling 
(ATD) or for dote specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oo 

J-2350-07 

Figure A - 9 

12/89 



Boring Log and Construct ion Data for 
Monitor ing Well HC-9S 

Geologic Log 

J Z OJ 

g-**" Approx. Ground Surface 
Q . £ Elevation in Feet 17.3 

Monitoring 
Well Design 
Cosing Stickup in Feet 1.8 

Top of PVC in Feet 19.12 

iiiiiijiii!' 

10-

15 — 

20 — 

25—' 

Sample- N 

Loose, dry, sandy GRAVEL. 

Loose, mois t , brown, medium to fine SANO. 
(Shallow Aquifer) 

Soft , mo is t to wet, block, clayey SILT 
with abundant plant f ragments. 

Loose, wet, black, sl ightly si l ty to si l ty 
SAND with p lant remains ( roo ts ) . 

Soft, wet, black and brown SILT with 
abundant plant f ragments . (Upper Aqui tard) 

Bo t tom of Boring at 9.0 Feet. 
Completed 8 / 1 4 / 9 0 . 

S -1 

S - 2 

S - 3 

_VATO 

1. Refer to Figure B—1 for explanat ion of descript ions 
ond symbols. 

2. Soil descr ipt ions and s t ra tum lines are interpretive 
and actual chonges moy be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specif ied. Level may vary with t ime. 

O O 
oa 

J-2350-07 

Figure A - 1 0 

8/90 



Boring Log and Construction Data for 
Monitoring Well HC-10S 

Monitoring 
Geologic Log Well Design 

J Z QJ 

Q . £ 

0-
Ground Surface Elevation in Feet 15.67 

5 — 

10 — 

15-

20 — 

25 -J 

Moist, brown, gravelly SAND with iron 
sta in ing and cobbles. 
(Shallow Aquifer) 

Soft , mo is t , dork gray and black, 
clayey SILT with plant remains. 

Very loose to loose, wet, dork gray, 
siity, fine SANO with thin layers of 
clayey silt and plant remains. 

Very loose, wet, dork gray to block. 
clayey, very si l ty. fine SAND with 
shell f ragments and lenses of block, 
clayey SILT. 
(Upper Aqui tard) 

Very loose, wet. dark gray to black, 
wet, very si l ty SAND with thin lenses of 
gray, clayey SILT. 

Medium dense, wet, dark gray to block, fine 
to medium SAND. ( Intermediate Aquifer) 

Bo t t om of Boring at 16.5 Feet. 
Completed 1 2 / 1 4 / 8 9 . 

Sample N 

Casing Stickup in Feet 

Top of PVC in Feet 15. 

H -Nu 

- 0 . 4 

32 

S-1 

S - 2 

S - 3 

S - 4 

S - 5 

S - 6 12 

ND 

ND 

ND 

ND 

ND 

ND 

1. Refer to Figure B—1 for explanation of descript ions 
and symbols. 

2. Soil descr ipt ions and s t ra tum lines ore interpret ive 
and actual changes may b'e gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for date specif ied. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units- shown parenthet ical ly. 

O O 

oa 

J-2350-07 

Figure A - 1 1 

12/89 



Boring Log and Construct ion Data for 
Moni tor ing Well HC-11S 

Geologic Log-

t : 0) 
0) _ 
Q.E Ground Surface Elevation in Feet 15.83 
0-

Monitoring 
Well Design 
Cosing Stickup in Feet 2.1 
Top of PVC in Feet 17.93 

>m'' 

5 — 

10 — 

15 — 

20 — 

25-

Sample N H-Nu 
WOOD CHIPS and moist to wet, dork 
brown, very grovelly SAND with slog, 
ore, and quartz. (Shallow Aquifer) 

Medium dense, wet, very gravelly to 
gravelly SAND with wood, ore, and slag. 

No Recovery. 

Bottom of Boring at 9.0 Feet. 
Completed 12/12/89. 

S-1 

S - 2 

24 

15 ND 

Refer to Figure B—1 for explanation of descriptions 
and symbols. 
Soil descriptions and stratum lines are interpretive 
and actual changes may be gradual. 
Ground water level, if indicated, is at time of drilling 
(ATD) or for date specified. Level may vary with time. 

CHJ 

oa 

J-2350-07 

Figure A - 1 2 

12/89 



GRAIN SIZE DISTRIBUTION TEST REPORT 
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200 100 10.0 1.0 0.1 
GRAIN SIZE - mm 

8.01 1.001 

?i+75- '/. SRfiWEL y. SAND y. SILT y. CLAY 
0.0 20.3 55.5 24.2 
0.0 12.5 70.0 14.3 3.2 

LL PI H85 D60 D50 D30 Dl5 D10 Cu-
6.38 0.87 0.39 0.120 
3.35 0.44 0.34 0.198 0.0439 0.0223 4.03 19.7 

MATERIAL DESCRIPTION USCS NAT. MOIST. 

O Gr%v«Ily, siltv* SAND 
A 6r3iv*lly» silty* SAHD 

SM 
SM 

697i 
isy. 

Remairks: Project: P.O.T. TRIBAL AUDITS 
O Location: COMPOSITE #4 
A Location: COMPOSITE #5 

J - 2 3 5 0 - 0 7 3 / 1 3 / 9 1 

H A T f T C n O V ^ S E n Figure A-60 



GRAIN SIZE DISTRIBUTION TEST REPORT 
i i i 

100 

9 0 

80 

7 0 

ffi 60 
L l . 

1- 5 0 
UJ 
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ffi 40 

3 0 

2 0 

10 

0 

1 •: 
1 : 

1 i 

'• i-

: i (M i 

1 

: 

• 

-

•w f«« Oft 

« 

: 

: 

; 

- * 
m 'm 

" ^ - 1 
i ; 

t 

\ 1 

* 5 

: 

[ 

i 

i j 

\ 

Nl! 
\ 

-
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^ o -
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l i l— 

..fi^ 

1 

> i ^ > ^ 

i y ^ ̂  
200 100 1 0 . 0 1.0 0 . 1 

GRAIN S I Z E - mm 
0 . 0 1 <-0.001 

?i+75- i y. GRAVEL y. SAND y. S I L T I y. CLAY 
0 . 0 0 . 1 3 0 . 2 6 3 . 6 6 . 1 
0 . 0 0 . 0 9 3 . 4 6 . 6 
0 . 0 0 . 5 9 2 . 1 7 . 4 

LL PI D85 I>60 Dso D30 Dl5 Die 'IJL 

0 . 1: 0 . 0 6 0 . 0 1 6 ! 0 . 0 0 6 3 0 .0041 0 . 9 5 15 .9 

0 . 6 4 0 .39 0 . 3 3 0 . 2 4 5 10.1601 0 .1174 1.32 3 . 3 

0 . 8 4 0 . 4 6 0 . 3 3 0 . 2 3 6 0 . 1 4 0 8 0 . 1 0 0 8 1.20 4 . 6 

MATERIAL DESCRIPTION USCS NAT. MOIST. 

O Slightly clayey* very sandy* SILT 
A Slightly silty SAND 
D Slightly silty SAND 

ML 
SP-SM 
SP-SM 

5&y. 
2 i y . 
9y. 

Remarks: Project: P.O.T. TRIBAL AUDITS 
O Location: COMPOSITE #1 
A Location: COMPOSITE #2 
D Location: COMPOSITE #3 

J - 2 3 5 0 - 0 7 3x'lS-''91 

H A f ^ r C n O V ^ S E n Figure A-59 



Groundwater and Tidal Elevations with Time 
Intermediate Aquifer - February let and 2nd, 1990 
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Groundwater and Tidal Elevations with Time 
Shallow Aquifer - February 1st and 2nd, 1990 
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Test Pit Log TP-209 
Woter Lab 

Sompla Content J „ ^ ^ •„ f^^t 
In Percent 

S - 1 

Depth 50IL DESCRIPTIONS 

0-

1-

2-

3-

4-

5-

6-

7 ^ 

a 

9 

Ground Surloce EnevotJon in Feet 1 6 - 1 / 2 

Dry to moist, light brown, very gravelly SANO with river rock. 

Moist to wet, black SANO with mult icolored groins. 

Bot tom of Test Pit a t 5 - 1 / 2 Feet. 
Completed 9 / 5 / 9 0 . 

•'iliii^' 

Test Pit Log TP-210 
Sample 

S - 1 

woter Lgb 
Content Tests 
in Percent 

Depth 
in Feet 

1 

2 

3 -

4 

5 

6 

7 -

8 -

9 -

SOIL DESCRIPTIONS 
Ground Surfoee Oe^otion in Feet 15—3/4 

-[Dry to moist, light brown, very grovelly SAND (grovel bollost). 

Moist, block, grovelly SAND with slog ond cool fragments. 

Moist to wet, green, gravelly SAND with pink Ohio Ferro Alloy 
slag, charcoal, quartz, and coal. 

Wet, grayish black, gravelly SAND with small rounded grains, 
pink slog, and quartz. 

Bot tom of Test Pit at 3 - 1 / 2 Feet. 
Completed 9 / 5 / 9 0 . 

Test Pit Log TP-211 
Water Lab 

Sample Content Tests 
in Percent 

S - 1 

S - 2 

^ " ^ ^ i SOIL DESCRIPTIONS 
- Ground Surfoee Oevqtion in Feet 17 
0-1 — 

1 

2 

3-1 

4 

5 -

6 

7 

3 

9-^ 

Moist, light brown, very gravelly SAND with river rock ballast. 

Moist, greenish gray, gravelly SAND. 

Moist, block, clayey SILT with abundant plont remains. 

Bot tom of Test Pit at 5 - 1 / 2 Feet. 
Completed 9 / 5 / 9 0 . 

1. Refer to Figure 8—1 for explanation of descript ions 
ond symbols. 

2- Soil descr ipt ions ond s t ro tum lines ore interpret ive 
ond octuo l chonges m a y be groduol. 

3. Groundwoter condit ions, if indicated, ore at t ime 
of excavat ion. Condit ions may vary with t ime. 

ummm 
J - 2 3 5 0 - 0 7 
Figure A-Se 

'm mm 
9/90 



•'!;!»''' 

Test Pit Log TP-206 
Somple 

S - t 

Woter Lob 
Content Tests 
in Percent 

Depth 
in Feel 

1-

3 -

4 -

5 

6-1 

7 

a 

9 

SOIL DESCRIPTIONS 
Ground Surfoee Oevotion in Feet 16 

Moist, groyish brown, very gravelly SANO with abundant wood 
chips and Asarco slag. 

-[Moist, tan ond gray, very grovelly SAND with iron staining. 

Moist to wet, grayish black, gravelly SANO with Asarco and 
pink Ohio Ferro Alloy slag. 

Grading into black, gravelly to slightly gravelly SANO with 
mult icolored grains. 

Bot tom of Test Pit at 7 Feet. 
Completed 9 / 5 / 9 0 . 

Test Pit Log TP-207 
Somple 

S - 1 

Water ^^b 
Content Tests 
in Percent 

Depth 2QIL DESCRIPTIONS 
in r««t 

Ground Surfoca Oevotion in Feet 15 

• o 

5 -

5 -

7 -

8 -

9 -

Domp to moist , l ight brown and groy, very gravelly SAND with 
~|wood debris and rock ballast (cobbles). 

Moist, grayish block, gravelly SAND with abundant cool 
fragments, "wood debris, chorcoal briquets, and some Ohio Ferro 
Alloy slaa ond quartz. Creosote- l ike odor. 

Bot tom of Test Pit 3 - 1 / 2 Feet. 
Completed 9 / 5 / 9 0 . 

Test Pit Log TP'208 
Sample 

S - 1 

S-2 

Water ^ ^ ^ 
Content Tests 
in Percent 

Depth 
in Feet 
0-

1-

2-

3 

4-

5' 

6-

7 -

8 -

9 -

• o 

SOIL DESCRIPTIONS 
Ground Surface Devotion in Feet 1 5 - 1 / 2 

Damp to moist , l ight brown, very gravelly SAND with cobbles and 
"~]wood debris. 

f Moist, block, gravelly SAND with charcoal f ragments and cool. 

Moist to wet, gray, slightly grovelly SANO with small rounded 
groins and pink Ohio Ferro Alloy slog. 

Wet, block, slightly gravelly SAND with mult icolored groins. 

Bot tom of Test Pit ot 4- Feet. 
Completed 9 / 6 / 9 0 . 

_r 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descr ipt ions and s t ra tum lines ore intenj ret iv* 
and actual changes may be groduol. 

3. Grounawoter condit ions, if indicateO, are at t ime 
of excovot ion. Condittons moy vory with time. 

J - 2 3 S 0 - 0 7 

Figura A S S 

9 /90 



Test Pit Log TP-203 
Somple 

S-1 

Water Lob 
Content Teats 
in Percent 

Depth 
in Feet 

1 

2 

3 -

4 -

5 -

6 

7 

a 

9 - ' 

^ 

SOIL DESCRIPTIONS 
Ground Surfoee Oevotion in Feet 16 

Damp to moist , brownish gray, gravelly, fine to medium SAND 
with wood chips. 

Moist to wet. grayish block, silty to very silty, fine SAND 
with wood f ragments, Ohio Ferro Alloy slog and block, cool - l ike 
material, with shiny surfaces. 

Bot tom of Test Pit at 4—1/2 Feet. 
Completed 9 / 5 / 9 0 . 

••am 

Test Pit Log TP-204 
Sample 

Woter Lab 
Content Tests 
in Percent 

S - 1 

Depth 3Q,L DESCRIPTIONS 
in Feet _ 

Ground Surfoee Elevotion in Feet 16 

• 

• 

; ? 

-

Moist, grayish brown, very gravelly, fine SAND with abundant 

|wood chips. 

Moist, ton and gray, very gravelly SAND with river rock and 
~| quartz f ragments. 

1 

r 
Moist to wet, block, slightly gravelly to gravelly SAND with 
increosing mult icolored grains. 

Bot tom of Test Pit at 6 - 1 / 2 Feet. 
Completed 9 / 5 / 9 0 . 

Test Pit Log TP-205 

s-1 

S - 2 

Woter Lab 
Content Tests 
in Percent 

? ' * " ' . SOIL DESCRIPTIONS 
m r e e t 
„ Ground Surfoee Devot ion in Feet 16—1/2 

2 -

3 

4 

5 

5 -

7 -

8 -

9 -

Domp to moist , grayish brown, very gravelly SAND with abundant 
]wocd frogmen ts and quortz. 

Moist, blackish groy, gravelly SAND with quartz, wood fragments, 
ond cool f ragments. 

Moist to wet, l ight gray, gravelly coarse SAND (moinly quartz ond 
block cool f ragments) . Creosote—like odor. 

Bot tom of Test Pit at 5 Feet. 
Completed 9 / 5 / 9 0 . 

1. Refer to Figure B - 1 for explonot ion of descriptions 
ond symbols. 

2. Soil descr ipt ions ond s t ro tum lines ore interpretive 
ond actual changes may be groduol. 

3. Groundwater condit ions, if ind icoted. ore at t ime 
of excovot ion. Condit ions moy vary with t ime. 

J - 2 3 5 0 - 0 7 

Figure A-S4 

9/90 



Test Pit Log TP '200 
Somple 

S - 1 

Water Lob 
Content Tests 
in Percent 

Depth 
in Feet 

1-

2-

3-

4-

5-

6-

?• 

8-

9-

n. 

SOIL DESCRIPTIONS 
Ground Surface Oevotion in Feet 14—1/2 

(Very dense), moist, very gravelly, fine to medium SANO with 
wood chips, wood fragments, river rock cobbles, and pink Ohio 
Ferro Alloy slog. Creosote—like odor. 

-[Wet, greenish gray, very grovelly SAND with cobbles. 

Bot tom of Test Pit at 3 Feet. 
Completed 9 / 5 / 9 0 . 

Test Pit Log TP-201 
Somple 

S - 1 

Woter Lob 
Content Tests 
in Percent 

Depth 
in Feet 
0 -

1-

2-

3-

4 -

5 

6 

7 -

8 -

9 

SOIL DESCRIPTIONS 
Ground Surfoee Sevotion in Feet 1 4 - 3 / 4 

Damp to moist, grayish brown, slightly gravelly to grovelly, fine SAND 
"jwith abundant wood chips and Ohio Ferro Alloy slog f rogments. I 

(Very dense), moist, blockish—gray, very gravelly to gravelly SANO with 
large concrete blocks, wire, and silver, metallic Ohio Ferro Alloy slag. 

Bot tom of Test Pit at 2 Feet. 
Completed 9 / 5 / 9 0 . 

Note: Met refusal at bo t tom of excavation. 

Test Pit Log TP-202 
Woter Lob 

Somple Content Tests 
in Parcant 

S - 1 

Depth 
in Feet 
0-

1 

2 

3 

4' 

3 

6 

7 

»-

9 -

SOIL DESCRIPTIONS 
Ground Surfoee Devqtien in Feet 15—3/4 

Moist, brownish gray, gravelly, fine to medium SAND with wood 
chips. 

Moist to wet, tan and dark gray, very gravelly SAND with iron 
staining. 

Wet, greenish gray, very grovelly SAND. 

Bot tom of Test Pit at 4 - 1 / 2 Feet. 
Completed 9 / 5 / 9 0 . 

1. Refer to Figure B—1 for explonot ion of descriptions 
ond symbois. 

2. Soil descript ions ond s t r o t u m lines ore interpretive 
and octuol chonges m a y be groduol. 

3. Groundwoter condit ions, if indicated, ore at t ime 
of excovation. Condit ions moy vary with t ime. 

J -23S0-07 

Figure A - 5 3 

9 / 9 0 



Test Pit Log TP-133 
Wot*" Uob 

Somple Content Tests 
in Percent 

S - 1 

S - 2 

Depth 
in Feet 
0-

1 

2-

3 

4 

s 

6-

7 

8-

9-

O 

SOIL DESCRIPTIONS 
Ground Surfoee Devotion in Feet 0.0 

-[Wood chip bollost with grovel. 

Moist, olive green, grovelly SAND. 

Moist to wet, gray, slightly silty, fine SAND. 

Bot tom of Test Pit at 5 Feet. 
Completed 1 2 / 6 / 8 9 . 

i ^ i ' 

Test Pit Log TP-134 
Somple 

S - 1 

Water Lob 
Content Tests 
in Percent 

Depth 
in Feet 
0 -

1-

2-

3' 

4-

5-

6-

7-

a-

9-

SOIL DESCRIPTIONS 
Ground Surfoee Devqtion in Feet 0.0 

•^Wood chips ond grovel bollost with river rock, quortz, ond slog 

(Dense), moist , tan. very gravelly SAND. 

Moist to wet. black, very gravelly SAND with mult icolored slog 
and quartz. 

Bo t tom of Test Pit at 4- Feet. 
Completed 1 2 / 6 / 8 9 . 

Test Pit Log TP-135 
Somple 

S - 1 

water Lab 
Content Tests 
in Percent 

Depth 
in Feel 
0-

1-

2-

3-

4 

5 -

6 

7 

8-

9 

SOIL DESCRIPTIONS 
Ground Surfoee Devotioo in Feet 0.0 

Moist, brown, gravelly SAND with mult icolored grains, wood 
"[chips, wood and concrete debris. 1 

Moist to wet, brown, very gravelly SAND with some organics. 

Bo t tom of Test Pit ot 4 Feet. 
Completed 1 2 / 6 / 8 9 . 

1. Refer to Figure B-1 for explonot ion of descript ions 
and symbols. 

2. Soil descript ions ond s t r a t u m lines ore interpret ive 
ond octuol chonges m o y be gradual . 

Denotes depth at which water was observed seeping 
into the excovotion. 

J - 2 3 5 0 - 0 7 
Figure A-S2 

12/89 



''iiiis^ 

Test Pit Log TP-130 
Somple 

S - 1 

S - 2 

Wot«- Lob 
Content Tests 
in Percent 

Depth 
in Feet 

0 -

1-

2-

3-

4-

5-

6-

7 -

8 -

9 

SOIL DESCRIPTIONS 
Ground Surfoee Oevotion in Feet 0.0 

Moist, brown, very gravelly to gravelly SAND with wood chips. 

Moist, groy, grovelly SAND with slog mater ial and a layer of 
"jwhite. .fine—groined mater ial . 

Moist to wet. block, gravelly SAND with mult icolored groins 
and thin layers of white, fine—grained mater ia l . 

Bot tom of Test Pit at 5 Feet. 
Completed 1 2 / 5 / 8 9 . 

Test Pit Log TP-131 
Sample 

- R 

Water Lab 

t ^ ' * " ' Tests 
in Percent 

Depth 
in Feet 
0-

1' 

2 

3-

4-

6-

7H 

a 

9 

SOIL DESCRIPTIONS 
Ground Surface Devotion in Feet 0.0 

Moist, brown, very grovelly to gravelly SAND with wood chips 
and pieces of quartz, ore, and mult icolored slog. 

(Very dense), moist to wet, gray, very grovelly SANO with 
mult icolored slog. 

Bot tom of Test Pit ot 5 Feet. 
Completed 1 2 / 6 / 8 9 . 

Test Pit Log TP-132 
Somple 

S - 1 s 

Water Lob 
Content Tests 
in Percent 

Depth 
in Feet 

Ho 
2-

3-

4-

5-

6-

7 

8 

9 

SOIL DESCRIPTIONS 
Ground Surfoee Devotion in Feet 0.0 

Moist to wet, brown, gravelly SAND with abundant wood chips 
and some slag. Creosote—like odor in soils. 

Bot tom of Test Pit at 1 - 1 / 2 Feet. 
Completed 1 2 / 6 / 8 9 . 

1. Refer to Hgure 8 - 1 for explonot ion of descriptions 
and S)*nbols. 

2. Soil descr ipt ions ond s t ro tum lines ore interpretive 
and octuo l chonges m a y be gradual . 

Denotes deoth at which woter was observed seeping 
into the excavation. 

J - 2 3 5 0 - 0 7 

Figure A - S l i 

12/89 



Test Pit Log TP-127 
Somple 

S - 1 

woter Lob 
Content Tests 
in Percent 

Depth 
m Feet 
0-

1-

2 -

3 -

4 

3 

6 -

7 -

8 -

• O 

SOIL DESCRIPTIONS 
Ground Surfoee Devotion in Feet 17.2 

-[Wood chips ond rock bollost including pieces of slog ond quortz. 

(Very dense), moist, ton, very sandy GRAVEL. 

Moist to wet, dork gray to block, very gravelly SAND with 
cobbles, quartz fragments, and some slag. 

Bot tom of Test Pit at 3 - 1 / 2 Feet. 
Completed 1 2 / 6 / 8 9 . 

'i>i||ji^ 

Test Pit Log TP-128 
Water Lob 

Sample Content Tests 
in Percent 

S - 1 

Depth 
in Feet 
0-

1 

2 

3 

4 -

5 -

6 -

7 -

3 

9- ' 

o 

SOIL DESCRIPTIONS 
Ground Surfoee Devotion in Feet 18.1 

Wood chips and rock bollost including quartz, ore, slag, and 
river rock. 

Wood chips with moist to wet, dork brown, gravelly SAND with 
some- crushed quortz and slog mater ial . 

Bot tom of Test Pit ot 5 - 1 / 2 Feet. 
Completed 1 2 / 6 / 8 9 . 

Test Pit Log TP-129 
Sample 

S - 1 

Water Lob 
Content Tests 
in Percent 

P**^ . SOIL DESCRIPTIONS 
m r e e t 
„ Ground surfoee Devotion in Feet 15.0 

Wood chips and rock ballast (rocks consisting of river rock, 
"[quortz. ond slog moteriol). I 

(Very dense), moist to wet, brown and ton , sandy GRAVEL (moinly 
river rock). f 

(Dense), moist to wet, black SAND with small f ragments of 
silver meta l l ic - l ike moter iol . 

Bo t tom of Test Pit at 4 Feet. 
Completed 1 2 / 6 / 8 9 . 

t. Refer to Figure 8 - 1 for explanat ion of descript ions 
ond symbols. 

2. Soil descript ions ond s t r a t um tines ore interpret ive 
ond octuol changes m a y be groduol. 

Denotes depth ot wnich water was observed seeping 
into the excavation. ? 

J - 2 3 5 0 - 0 7 

Figure A-SO 

12/89 



•'iSiiBi'' 

Test Pit Log TP-124 
Sample 

S-1 

Woter Lob 
Content Tests 
in Percent 

Depth 
in Feet 
0-

V 

2 

3-

4 -

5 

6-

7-

8-

9-

SOIL DESCRIPTIONS 
Ground Surface Devotion in Feet 16.2 

•iRiver rock bollost. 

Moist to wet. black, very gravelly SANO with wood debris, 
charcoal briquets, and cobbles. Creosote—like odor. 

Bot tom of Test Pit at 3 - 1 / 2 Feet. 
Completed 1 2 / 5 / 8 9 . 

Test Pit Log TP-125 
Somple 

- X 

s-2 

Water Lob 
Content Tests 
in Percent 

Depth 
in Feet 

1 

2 

3-1 

4 

5 -

6 -

7-

a-

9-

• O 

SOIL DESCRIPTIONS 
Ground Surfoee Oe'qt ion m Feet 16.3 

Wood chio bollost with cobbles. 

Moist, gray, very gravelly SAND with large quartz cobbles and 
wood debris. 

Moist 
quar 

t to wet. dork gray to block, sandy GRAVEL with small 
tz fragments ond ongulor block, coal—like mater ia l . 

Bot tom of Test Pit at 5 - 1 / 2 Feet. 
Completed 1 2 / 5 / 8 9 . 

Test Pit Log TP-126 
Sample 

S - 1 

S - 2 

Water Lob 
Content Tests 
in Percent 

Depth 
in Feet 
0-

1 

2-1 

3 

4 

5-

6 

7-

8-

9 

• O 

SOIL DESCRIPTIONS 
Ground Surfoee Devotion in Feet 15.9 

iWood chip ballast. 

Moist, grayish white, very gravelly to gravelly SAND consist ing 
main ly 'o f white quartz. 

Wet, dork gray to block, medium SAND with mult icolored grains. 

Bo t tom of Test Pit at 5 - 1 / 2 Feet. 
Completed 1 2 / 5 / 8 9 . 

1. Refer l o Figure 8 - 1 for explonotion of descriptions 
ond symbols. 

2. Soil descr ipt ions ond s t ro tum lines are interpretive 
ond actua l changes may be groduol. 

Denotes depth ot which woter was observeo seeping 
into the excovotion. ^ 

J - 2 3 5 0 - 0 7 

Figure A - 4 9 

12/89 



Test Pit Log TP-121 
Somple 

S - 1 

Woter Lob 
Content Tests 
in Percent 

Depth 
in Feet 
0-

6-1 

7 

8 -

9 -

SOIL DESCRIPTIONS 
Ground Surface Devotion in Feet 0.0 

Moist, brown, slightly silty. medium SAND with iron staining — 
containing nodules of silty sand with iron staining over 
surfoee. 

Moist to wet. dork brown to block SANO with mult icolored grains 

Bot tom of Test Pit a t 5 - 1 / 2 Feet. 
Completed 1 2 / 5 / 8 9 . 

•'iijili* 

Test Pit Log TP-122 
Sample 

S-1 

Water Lob 
Content Tests 
in Porcent 

Depth 
in Feet 
0 -

1-

2 -

3 

4 

5 

6 -

7 

3 

9-1 

SOIL DESCRIPTIONS 
Ground Surfoee Devotion in Feet 0.0 

Moist, gray, slightly silty, fine to medium SAND with 
mult icolored groins and some iron staining. 

Moist, dork groy to block, silty SAND with mult icolored grains. 

Bot tom of Test Pit at 5 - 1 / 2 Feet. 
Completed 1 2 / 6 / 8 9 . 

Note: Water entering excovation f rom surface. 

Test Pit Log TP-123 
Somple 

S - 1 

S - 2 

Water Lob 
Content Tests 
in Percent 

Depth 
in Feel 
0 -

2-1 

3 

4 -

5 

6 

7 

a 

9- " 

SOIL DESCRIPTIONS 
Ground Surfoee Devotion in Feet Q.O 

Moist, brown, gravelly SAND with silty sand nodules and iron 
"[staining. 

Dork brown to block, silty SAND with mult icolored grains. 

Bot tom of Test Pit ot 7 - 1 / 2 Feet. 
Completed 1 2 / 6 / 8 9 . 
Note: Water ropidly entering excovotion from surface. 

1. Refer to Figure B—1 for explonot ion of descr ipt ions 
ond symbols. 

2. Soil descr ipt ions ond s t r o t u m tines ore interpret ive 
ond octuol changes m o y be gradual . 

Denotes depth ot which water was observed seeping 
into the excovotion. ^ 

J - 2 3 5 0 - 0 7 

Figure A - 4 8 

12/89 



Test Pit Log TP-119 
Somple 

S - 1 

Woter Lob 

C « l ' » " ' Tests 
m Percent 

S-2 

Depth 
in Feet 
0 -

1-

2-

3 

4 -

S-

6 -

7 -

8 

9 

10 

11-

1 2 -

1 3 -

14 

15-1 

SOIL DESCRIPTIONS 
Ground Surfoee Devotion in Feel 18.4 

Moist, brown, very gravelly SAND with block sond blast grit on 
surface and cobbles. 

Moist, greenish gray, gravelly SAND. 

Moist to wet, block, sl ightly si l ty to si l ty SAND with plant 
remoins on top of unit, mult icolored grains, and clayey silt 
inclusions. 

Bot tom of Test Pit at 9 Feet. 
Completed 1 2 / 7 / 8 9 . 

Test Pit Log TP-120 
Woter Lob 

Somple Content Tests 
in Percent 

S - 1 

Depth 
in Feet 
0-

2 

3-1 

4 

5H 

6 

7 

8H 

9 

10 

IH 

12 

13-

1 4 -

1 5 i 

SOIL DESCRIPTIONS 
Ground Surfoee Oevotion in Feet 19.3 

Moist, brown, slightly silty, medium SAND with iron staining -
containing nodules of s i l ty sond coated on surfoee with iron 
staining. 

Moist to wet, black, silty, fine to medium SAND with 
mult icolored groins. 

Bot tom of Test Pit a t 6 - 1 / 2 Feet. 
Completed 1 2 / 6 / 8 9 . 

Note: Water entering excavation from surface. 

1. Refer to Rgure 9—1 for explonotion of descriptions 
ond symbols. 

2. Soil descript ions ond s t ro tum lines ore interpretive 
and octuol chonges moy be groduol. 

Denotes depth ot which water was observed seeping 
into the excovotion. ? 

J - 2 3 5 0 - 0 7 
Figure A-471 

12/89 



Test Pit Log TP-117 
Sample 

S - 1 

S-2 S 

Woter Lob 
Content Tests 
in Percent 

Depth SOIL DESCRIPTIONS 
in ree t 

Ground Surfoee Devotion in Feet 0.0 

1 

2 

3-

4 

5 

6 -

7 -

8 -

9 

10 

• " " ] 

11-

1 2 -

13-

1 4 -

15 

Moist, block and greenish block SAND with yellow flakes. 
(SAND BLAST GRIT) .- -

Moist to wet. reddish brown, slightly gravelly SAND with iron 
stoining. 

Moist to wet. dork gray, silty, f ine SAND with mult icolored grains 
interbedded with dork gray ond block mot t led , very clayey SILT. 

J 

Moist to wet. gray with block mot t l ing , very clayey SILT with 
abundant orgonic matter . 

Bottom of Test Pit at 10 Feet. 
Completed 1 2 / 7 / 8 9 . 

Test Pit Log TP-118 
Somple 

S-1 

S-2 

S-3 

Woter 
Content 
in Percent 

Lob 
Tests 

Depth 
in Feet 
0-

5- O 

6-

7-

8-

9 

10 

11 

12-1 

13 

14 

13-" 

• o 

SOIL DESCRIPTIONS 
Ground Surfoee Devotion in Feet 0.0 

Moist, brown, very gravelly SAND with black, sand blast grit 
and wood chips on surface. 

Moist, greenish gray, gravelly SAND. 

Moist to wet. black, slightly silty to si l ty SAND with plant 
remains on top of unit, mult icolored grains, and clayey silt 
inclusions. 

Moist to wet. gray and block mot t led , clayey SILT with 
"[obundont organic mat ter . 

Bot tom of Test Pit at 10 Feet. 
Completed 1 2 / 7 / 8 9 . 

1. Refer t o IHgure B—1 for explanat ion of descriptions 
ond symbols. 

2. Soil descript ions ond s t r a t um lines ore interpretive 
ond octuol changes may be groduol. 

Denotes depth at whicn woter wos observed seeping 
into the excovotion. ? 

ixMmm 
J - 2 3 5 0 - 0 7 
Figure A-46 

m \Mm 
12/89 



Test Pit Log TP-114 
Somple 

S - 1 

" o i e r Lob 
Content Tests 
in Percent 

°^P^^ SOIL DESCRIPTIONS 
Ground Surface Oevotion in Feet 0.0 

9-1 

Moist, dork brownish gray SAND with mult icolored grains. 

Moist to wet, dork grayish black, si l ty SAND with mult icolored 
groins and thin lenses of clayey SILT. 

Bot tom of Test Pit a t 8 Feet. 
Completed 1 2 / 7 / 8 9 . 
Note: Woter rapidly entering excavation from surface. 

Test Pit Log TP-115 
Sample 

S-1 

Water Lab 
Content Tests 
in Percent 

Depth 
in Feet 
0-

3 -

4 

5 

6 -

7 -

8 -

9 -

SOIL DESCRIPTIONS 
Ground Surfoee Devotion in Feet 0.0 

Moist, reddish gray, slightly clayey, silty, fine SAND with 
iron staining. 

Moist to wet. black, very clayey SILT with abundant plant fragments. 

Bot tom o i Test Pit at 5 Feet. 
Completed 1 2 / 7 / 8 9 . 

Test Pit Log TP-116 
Sample 

S - 1 

Water Lob 
Content Tests 
in Percent 

S-2 

S '̂̂ Fwt 50IL DESCRIPTIONS 
.. Grtsund Surfoee Oevotion in Feet 0.0 

1-

2 -

3 

4 -

5 

6 

7 -

8 -

9 

Moist, dark brownish gray, slightly si l ty SAND with 
mult icolored grains. 

Moist to wet, dork groyish black, slightly si l ty to si l ty SANO 
with mult icolored grains ond 1 / 2 - f o o t to 1 - foo t loyers of 
block, clayey, silty, fine SAND. 

Bot tom of Test Pit at 7 - 1 / 2 Feet. 
Completed 1 2 / 7 / 8 9 . 

1. Refer l o Figure S—1 for explanat ion of descriptions 
and symbols. 

2. Soil descript ions and s t r a t u m tines ora interpretive 
and octuol changes moy be groduol. 

Denotes depth ot which water was observed seeping 
into the excovation. ? 

J - 2 3 5 0 - 0 7 

Figure A - 4 S 

12/89 



Test Pit Log TP-111 
Sample 

S - 1 

S - 3 

woter Lob 
? < * 1 ' " " Tests 
in Percent 

Depth 
in Feel SOIL DESCRIPTIONS 

Ground Surfoee Oevotion in Feel 16.9 

1-

3 -

4 -

5 -

6-

7-

8-

9-

O 

Moist, brown, very gravelly to gravelly SAND with cobbles 

Moist to wet. dork gray, slightly si l ty SAND with muticolored 
grains and groy, cloyey SILT inclusions and concrete debris 
and small amount of greenish gray sond. 

Bot tom of Test Pit at 5 - 1 / 2 Feet. 
Completed 1 2 / 7 / 8 9 . 

'•iiislî  

Test Pit Log TP-112 
Sample 

S - 1 

Woter 
Content 
in Percent 

Lab 
Tests 

Depth 
in Feel 

1 

2 

3 -

4 

5 

6 -

7 -

8 

9- ' 

SOIL DESCRIPTIONS 
Ground Surfoee Oevation in Feel 16.7 

•[Crushed rock bollost including slog moter io l . 

., Moist, brown, very grovelly SAND with large cobbles. 

Moist, dork gray to black, silty SAND with mult icolored grains 
and plant remains at top of unit. 

Moist to wet, dark gray to block, sl ightly silty to silty SAND 
with mult icolored grains. 

Bot tom of Test Pit at 5 - 1 / 2 Feet. 
Completed 1 2 / 7 / 8 9 . 

Test Pit Log TP-113 
Sample 

S - 1 

Water Lab 
Con 'w i t Tests 
in Percent 

? ' * " ' . SOIL DESCRIPTIONS 
m r e e l 

Ground Surfoee Oevotion in Feet 

1-

2 

3 -

4 ' 

5-

6' 

7-

8 

9-1 

18.7 

Moist, brown, verv grovetlv SAND. 
Moist to wet, dork brownish gray, sl ightly silty SANO with 
mult icolored groins and thin lenses of gray, clayey SILT. 

Bot tom of Test Pit at 6 Feet. 
Completed 1 2 / 7 / 8 9 . 

1. Refer to Figure 8—1 for explonot ion of descriptions 
ond symbols. 

2- Soil descript ions ond s t r a t um lines ore interpretive 
ond octuol changes m o y be groduol . 

Denotes depth ot which water was observed seeping 
into the excovation. ? 

J - 2 3 5 0 - 0 7 
Figure A - 4 4 ' 

12/89 



Test Pit Log TP-109 
™ t » - Lob 

Sample Content Tests 
in Percent 

S - 1 

Depth 
in Feel 
0 -

1 

2 -

3 

4 

5 -

6 

7 

a-i 

9 

10 

11 

12 

13 

1 * - | 

15 

SOIL DESCRIPTIONS 
Ground Surface Devotion in Feel 0.0 

Moist, brown, grovelly to very gravelly SANO. 

Moist to wet, block, sl ightly silty SAND with mult icolored 
grains and abundant plant remains ot top of unit. 

Bot tom of Test Pit at 4 Feet. 
Completed 1 2 / 7 / 8 9 . 

Test Pit Log TP-110 
Sample 

S-1 

Water Lab 
Content Tests 
in Percent 

S - 2 

S - 3 

S - 4 

Depth 
in Feet 

0 -

1-

2 -

3 

4 

5 -

6 

7 

8 

9 

10 

11-

12 

13 

14 

15-" 

o 

SOIL DESCRIPTIONS 
Ground Surfoee Oevotion in Feet 0.0 

Moist, brown, very grovelly SANO with lorge cobbles (2 to 7-
inches). 

Moist, greenish gray, gravelly SAND. 

Moist to wet, slightly si l ty to si l ty SAND with plant remains 
at upper contact . 

Moist, gray, silty, fine SAND with greenish black, silty. fine 
-[SAND. 

Moist, brown and block mot t l ing , very clayey SILT with 
abundant organic mot te r ( t ide f lat odor). r 
Bot tom of Test Pit at 10 Feet. 
Completed 1 2 / 7 / 8 9 . 

Note: Slow water seepage at 5—foot depth. 
Woter entering eost sidewoll was foomy. 

1, Refer to Hgure 9—1 for explonotion of descriptions 
ond symools. 

2. Soil descript ions ond s t ra tum tines ore interpretive 
and octuot changes may be graduot. 

Denotes depth at which woter was observed seeping 
into the excovotion. ^ 

J - 2 3 5 0 - 0 7 

Figure A—43 

12/89 



Test Pit Log TP-107 
Sample 

S - 1 

Woter Lot, 
Co"te" ' Tests 
in Percent 

S - 2 

- E 

Deplh 
in Feet 
0-

9-1 

10 

11-

12 

13-

14-

15 

SOIL DESCRIPTIONS 
Ground Surface Devotion in Feel 0.0 

Moist, brown, very gravelly SAND with wood and asphalt debris. 

Moist, gray, very gravelly SANO with decomposed organics ond 
solvent—like odor. 

Moist to wet, gray, slightly silty, fine SAND with iron stoining. 

Moist to wet, gray, gravelly SAND with wood debris ond slight 
odor. 

Bot tom of Test Pit ot 8 - 1 / 2 Feet. 
Completed 1 2 / 7 / 8 9 . 
Note: Slow water seepage at 4—1/2—foot depth. 

''iiiji*^ 

Test Pit Log TP-108 
Somple 

S-1 

Woter Lob 
Content Tests 
in Percent 

S - 2 

Depth 
in Feel 
0-

1 

2-

3-

5-

6-

7-

8-

9 

10 

11-

12 

13-

14 

15-" 

SOIL DESCRIPTIONS 
Ground Surface Devotion in Feel 0.0 

Moist, brown, gravelly SAND with iron staining. 

Moist, dork gray to block, clayey SILT with organics. 

Moist to wet, dork gray to block, silty SAND with mult icolored 
groins. 

Bot tom of Test Pit at 7 - 1 / 2 Feet. 
Completed 1 2 / 6 / 8 9 . 

1. Refer to Rgure 9—1 for explonotion of descriptions 
ond symbols. 

2. Soil descriptions ond stratum lines ara interpretive 
and actual changes may be gradual. 

Denotes depth ot which water was observed seeping 
into the excovotion. ? 

J - 2 3 5 0 - 0 7 12/89 

Figure A-42 



Test Pit Log TP-105 
Sample 

S - 1 E 

S - 2 

S - 3 

woter Lab 
Content Tests 
in Percent 

Depth 
in Feel 
0-

1-

2-

3 

4 -

5 -

S 

7 -

8 -

9 

10 

11-

1 2 -

1 3 -

1 4 -

15 -

SOIL DESCRIPTIONS 
Ground Surfoee Oevotion in Feet 0.0 

Moist, brown, very gravelly SAND with large asphalt debris. 

Moist, gray, silty, fine SAND with iron stoining. 

(Dense), moist , gray, very gravelly SAND. 

Moist, block SAND with mult icolored grains and thin lenses of 
greenish gray SAND. 

Bot tom of Test Pit at 1 0 - 1 / 2 Feet. 
Completed 1 2 / 7 / 8 9 . 
Note: Water seeping into excavation from surface. 

Test Pit Log TP-106 
Sample 

- X 

« ° ' " - Lob 
Content Tests 
in Percent 

Depth 
in Feet 
0 -

1-

2 -

3 -

• - O 

5-

6 -

7 -

8 -

9 -

1 0 -

11-

1 2 -

1 3 -

1 4 -

15 -

SOIL DESCRIPTIONS 
Ground Surfoee Elevotion in Feat 0.0 

Moist to wet. brown, gravelly SAND with chunks of ospholt, 
wood, and cloth debris. 

Bot tom of Test Pit at 4 - 1 / 2 Feet. 
Completed 1 2 / 7 / 8 9 . 

1. Refer t o Figure B—1 for explonot ion of descriptions 
ond symbols. 

2. Soil descr ipt ions ond s t r a t um lines ore interpretive 
ond actual changes m a y be groduot. 

Denotes depth at which water was observed seeping 
into the excovot ion. ^ 

J - 2 3 5 0 - 0 7 
Figure A - 4 f 

12/89 



Test Pit Log TP-103 
Sompl 

S - 1 

. ^ r « , i ^T*ts iTea t SOIL DESCRIPTIONS 
in Percent 

S - 2 

0 

1-

2 

3-

4 -

3 -

S 

7 

8 

9 

10 

11 

12 

13 

14 

15-1 

Ground Surface Oevotion in Feel 0.0 •'iiilii'' 

Moist, brownish gray SAND with iron staining, plant remains 
( roots) , and multicolored grains. 

Moist to wet, gray, slightly clayey, silty, fine SAND with some 
organics. 

Bot tom of Test Pit a t 10 Feet. 
Completed 1 2 / 8 / 8 9 . 

Test Pit Log TP-104 
Sample 

S - 1 

Water Lob 
Content Tests 
in Percent 

S-2 

Depth 
in Feel 
0 -

1 

2 

3 

4 -

5 -

6 

7 -

8 -

9 

10 -

11-

12 

13 

1 4 -

15 -

SOIL DESCRIPTIONS 
Ground Surfoee Oevotion in Feel 0.0 

Moist, brown, slightly silty SAND with some plant remains 
(roots) and iron stoining. 

Moist to wet, dork grayish block SAND with mult icolored grains 
and some iron staining. 

Bot tom of Test Pit at 9 Feet. 
Completed 1 2 / 8 / 8 9 . 

1. Refer l o Figure 8—1 for explanation of descript ions 
and symbols. 

2. Soil descript ions ond s t r o t um lines ore interpret ive 
and octuol changes m o y be groduol. 

Denotes depth at wnich woter wos observed seeping 
into the excovotion. ? 

J - 2 3 5 0 - 0 7 

Figure A - 4 0 

12/89 



Test Pit Log TP-101 
Sample 

S - 1 E 

s-2 

^ < « - Lob 
Con len l Tests 
in Percent 

Depth 
in Feet 
0-

I -

2 -

3 

4 

S-

6 

7 

8- i 

9 

10 

11-

1 2 -

1 3 -

1 4 -

1 5 -

SOIL DESCRIPTIONS 
Ground Surfoee Oevotion in Feel 0.0 

Moist, brownish gray,- sl ightly si l ty SAND with lenses of gray, 
silty. fine SAND with iron staining and plont remoins ( roots) . 

Moist, dark brown, sl ightly silty, fine SAND with iron 
staining. 

Moist to wet. dork grayish block SAND with mult icolored groins. 

Bot tom of Test Pit at 10 Feet,. 
Completed 1 2 / 8 / 8 9 . 

Test Pit Log TP-102 
Somple 

S - 1 

Water Lob 
Content Tests 
in Percent 

S - 2 

Depth 
in Feet 
0-

1-

2 -

3 -

4 -

5 -

6 -

7 

8 

9-i 

10 

11 

1 2 -

13 

14 

15 

SOIL DESCRIPTIONS 
Ground Surface Elevotion in Feet 0.0 

Moist, brown to brownish gray, sl ight ly si i ty SANO with iron 
staining, plant remains ( roots) and gray, silty SAND lenses 
with iron staining on surface. 

Moist to wet. brownish gray SAND with mult icolored groins and 
iron stoining. 

Bot tom of Test Pit at 8 - 1 / 2 Feet. 
Completed 1 2 / 8 / 8 9 . 

1. Refer t o Figure 8—1 for exp lorat ion of descript ions 
and symbols. 

2. Soil descr ipt ions ond s t ra tum lines ore interpretive 
ond octuo l changes may be groduol. 

Denotes depth ot which water wos observed seeping 
into the excovotion. ? 

J - 2 3 5 0 - 0 7 

Figure A - 3 9 

12/89 



Boring Log and Construction Data for 
Monitoring Well HC-171 

Geologic Log 

I Z "U 
- ^ OJ 

Q .£ Ground Surface Elevation in Feet 19.17 

Monitoring 
Well Design 
Casing Stickup in Feet 2.2 
Top of PVC in Feet 21.35 

Sample N 

5 — 

10 — 

15 — 

20 — 

25 — 

30 — 

35 — 

40 — 

45 — 

5 0 - J 

(See HC—17S for description of shollow 
aquifer soils) 

Very soft, wet, dark gray and brown, 
slightly sandy, clayey SILT with 
abundant plant remains. 
(Upper Aquitard) 

Dense, wet. black, slightly silty, fine 
to medium SAND with multicolored grains. 
(Intermediate Aquifer) 

Bottom of Boring at 28.0 Feet. 
Completed 1 /2 /90 . 

S-1 

s-2 

S-3 

s-4 

X 

z 

X 

35 

4-1 

V 

I 

^ 
o 
o> 

CN 

V 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines are interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for date specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

L J O 

oa 

J-2350-07 

Figure A - 3 8 

1/9U 



Boring Log and Construct ion Data for 
Moni tor ing Well HC-161 

Geologic Log 

JZ <u 

-^ <v 

Q.E Ground Surface Elevation in Feet 15.67 

10 — 

15 — 

20 — 

25 — 

30 — 

35-

40-

45-

SO—" 

(See HC-16S for description of shallow 
aquifer soils) 

Soft, moist to wet, gray and block, 
clayey to very clayey SILT with abundant 
plant remains. 
(Upper Aquitard) 

Very dense, wet, black, silty, medium 
to fine SAND with multicolored grains. 
(Intermediate Aquifer) 

Stiff to loose, wet, gray, sandy SILT 
to very silty SAND grading to peat. 
(I nwpr Anuitnrd) 
Bottom of Boring at 25.5 Feet. 
Completed 12 /27 /89 . 

Monitoring 
Well Design 
Cosing Stickup in Feet 1.8 
Top of PVC in Feet 17.47 

Sample N 

S-2 g 3 2 

S-2 

S-3 

S - 4 

E 

Z 

Z 

32 

70 

Lab 
Test 

GS 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines are interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for date specified. Level may very with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oa 

J-2350-07 

Figure A—37 

12/89 



Bor ing Log and Construction Data for 
Moni tor ing Well HC-151 

Geologic Log 

JZ "U 
—^ 0) 

Q . b Ground Surface Elevation in Feet 15.79 

Monitoring 
Well Design 
Cosing Stickup in Feet 1.9 
Top of PVC in Feet 17.67 

0-

5 -

10 — 

15-

20 — 

25 — 

30 — 

35 — 

40-

45-

50-

(See HC—15S for description of shallow 
aquifer soils) 

Very soft, moist to wet, brown, clayey 
SILT with obundont plant remains. 
(Upper Aquitard) 

Loose to very dense, wet, block, slightly 
silty to silty SAND with multicolored 
grains and lenses of silty SAND and 
clayey SILT. (Intermediate Aquifer) 

Bottom of Boring at 28.0 Feet. 
Completed 12 /27 /89 . 

Sample N 

16 

4 

1 

S-1 

s-2 
S-3 

S-5 

S-6 

S-7 

X 

X 

X 

58 

50 

13 
s s 
V V 
V V 

^^ ii 
I vs 

VV 
vs 
s s 
s s 
s s 
s s 
s s 
s s 

Refer to Figure 8—1 for explanation of descriptions 
and symbols. 
Soil descriptions and stratum lines are interpretive 
and actual changes may be gradual. 

Ground water level, if indicated, is at time of drilling 
( A T O ) or for dote specified. Level may vary with time. 
Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oa 

o 

s/ 

J-2350-07 

Figure A - 3 6 

12/89 



Bor ing Log and Construct ion Data for 
Moni tor ing Well HC-141 

Monitoring 
Geologic Log ' Well Design 

Cosing Stickup in Feet 2.2 
Top of PVC'in Feet 22.68 - . . OJ 

(U 

Q . £ Ground Surface Elevation in Feet 20.46 

" -

5 -

10 — 

1 5 -

20 — 

2 5 -

3 0 -

3 5 -

40 — 

45 — 

sn — 

(See HC-14S for description of shallow 
aquifer soils) 

Very soft, wet. gray and brown, very 
clayey SILT with abundant plant remains. 
(Upper Aquitard) 

Medium dense, wet, block, slightly silty 
to silty, medium to fine SAND with 
multicolored grains and thin clay and 
silt laminations. (Intermediate Aquifer) 

Bottom of Boring at 29.0 Feet. 
Completed 1 /2 /90. 

Sample N 

S-1 

S - 2 

S - 3 

Z 

E 

E^o 

5^ 

I I 
s 

s s 
s s 
vs 
SV 

vs 
s s 
s s 

s 
^ s 

o 
o> 

csl 

V 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual chonges moy be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATO) or for dote specified. Level may srary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oa 

J-2350-07 

Figure A - 3 5 
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Boring Log and Construction Data for 
Monitoring Well HC-131 

Geologic Log 

JZ i> 

Q . £ Ground Surface Elevation in Feet 24.92 

Monitoring 
Well Design 
Cosing Stickup in Feet 2.3 

Top of PVC in Feet 27.27 

Somple N 

5 — 

10-

15 — 

20 

25 — 

30 — 

35-

40 — 

45-

50—' 

(See HC-13S for descr ipt ion of shallow 
aquifer soils) 

Medium stiff, mo is t to wet, dork gray 
and block, very clayey SILT with 
abundant plant remains. 
(Upper Aqui tard) 

Medium dense, wet, black, fine to medium 
SAND. ( In termediate Aquifer) 

Bo t t om of Boring at 37.0 Feet. 
Completed 1 2 / 2 9 / 8 9 . 

S-1 

s-2 

S-3 

S-4 

X 

X 

X 

35 

25 

i 
v ^ 

V \ ' 

I 
V 

^ 

^ 

: 

V 
V V 
vs 
vs 
S s 
s s 
s s 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 
• v s 

s s 
s s 

o 
Ol 

V 

1. Refer to Figure B—1 for explanation of descript ions 
and symbols. 

2. Soil descr ipt ions and s t ra tum lines are interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is ot t ime of drilling 
(ATD) or for date specif ied. Level may vary with t ime. 

4. Bold line indicates boundary between major hydrogeologic 
uni ts shown parenthet ical ly. 

O O 

oa 

J-2350-07 

Figure A - 3 4 

12/8» 



CL' 

0) 
0) 

Boring Log and Construction Data for 
Monitoring Well HC-121 

Monitoring 
Geologic Log Well Design 

Cosing Stickup in Feet 1.3 

Top of PVC in Feet 20.06 

Q . £ Ground Surface Elevation in ?"eet 18.75 

5 -

10-

15 — 

20-

25 — 

30 — 

35 — 

40-

45-

5 0 - ^ 

(See HC-12S for descr ipt ion of shallow 
oquifer soils) 

Soft , moist , dark gray and brown, 
SILT with abundant plant remains. 
(Upper Aqui tard) 

clayey 

Very dense, wet, gray, silty. gravelly, 
medium to fine SAND with mul t ico lored 
grains. ( In termedia te Aquifer) 

Medium dense, wet, gray, silty, fine 
SAND with layers of brown, clayey SILT. 

Bo t tom of Boring at 27.5 Feet. 
Completed 1 2 / 2 8 / 8 9 . 

Sample N 

S-1 

s-2 
S-3 

S-4 

S-5 

S-5 

X 

X 

X 

X 

12 

3 

85 

18 

Lob 
Test 

GS 

it S; 
s 

s s 
vs I 
I 

s s 
vs 
s s 
Vs 

o 
-0> 

s/ 

1. Refer to Figure B—1 for explanation of descript ions 
and symbols. 

2. Soil descript ions and s t ra tum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
( A T D ) or for dote specif ied. Level may vary with t ime. 

4. Bold line indicates boundary between major hydrogeologic 
uni ts shown parenthet ical ly. 

O O 

oa 

J-2350-07 

Figure A - 3 3 

12/89 



Boring Log and Construct ion Data for 
Moni tor ing Well HC-IOI 

Geologic Log 

JZ V 
- ^ (U 

o; _ 
Q . E Ground Surface Elevation in Feet 15.63 

5 -

10 — 

15 — 

20-

25 — 

30-

35 — 

40-

45-

50-

(See HC- IOS for descr ipt ion of shallow 
aquifer soils) 

Very sof t , mo is t to wet, dark gray and 
brown, clayey SILT grading to sandy 
SILT. 
(Upper Aqui tard) 

Medium dense, wet, dark gray to block, 
sl ight ly silty, f ine to medium SANO with 
mul t ico lored grains. 
( In termedia te Aqui fer) 

B o t t o m of Boring a t 24.0 Feet. 
Completed 1 2 / 2 8 / 8 9 . 

Monitoring 
Well Design 
Casing Stickup in Feet - 0 . 2 

Top of PVC in Feet 15.64 

Sample N 
Lob 
Test 

S -1 

s-2 

S-3 

S-4 

X 
X 

X 

X 

25 

2. 

4. 

Refer to Figure 8 - 1 for explanation of descriptions 
and symbols. 
Soil descr ipt ions and s t r a tum lines are interpretive 
and actual changes m a y be gradual. 

Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specif ied. Level may vary with t ime. 

Bold line indicates boundary between major hydrogeologic 
un i ts shown porenthet icol ly. 

GS 

1 

1 
^ 

vs 
s s 
s s 
s s 
s s 

oo 
oa 

'•\&il ' ' 

o 
\ 
csi 

\ 
CS 

DTW —I 

J-2350-07 

Figure A - 3 2 

12/6 



' • • & ' ' 

Boring Log and Construct ion 
Monitor ing Well HC-61 

Geologic Log 

C L " -

Q.E Ground Surface Elevation in Feet 16.41 

Data for 

Monitoring 
Wei! Design 
Cosing Stickup in Feet —0.2 
Top of PVC in Feet 16.21 

Sample N 

5 — 

10 — 

15-

20 — 

25' 

30 — 

3 5 -

40 — 

4 5 -

5 0 - " 

(See HC-6S for description of shallow 
aquifer soils) 

Very soft to soft, moist to wet, dork 
gray and brown, very silty CLAY with 
obundont plant remains. 
(Upper Aquitard) 

Loose, moist to wet, block, silty, fine 
to medium SAND grading to gray, slightly 
sandy SILT. (Intermediote Aquifer) i— 

Very dense to medium, wet, black, fine 
to medium SAND. 

Very stiff, wet. gray and black, slightly 
sondv SILT with organics. (Lower Aquitord) 
Bottom of Boring at 25.5 Feet. 
Completed. 12 /29 /89 . 

S-1 

s-2 

S-3 

S-4 

S-5 

Z 
X 

z 

X 

X 

. 

90 

17 

1. Refer to Figure 8 -1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground woter level, if indicated, is ot time of drilling 
(ATD) or for dote specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oa 

J-2350-07 

Figure A - 3 1 
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Boring Log and Construct ion 
Moni tor ing Well HC-41 

Data for 

Geologic Log 

JZ <u 

o . 
Q . E Ground Surface Elevation in Feet 16.27 
0-

Monitoring 
Well Design 
Cosing Stickup in Feet 1.9 
Top of PVC in Feet 18.10 

' •s i i i i j i ' ' 

Somple N 

10 — 

15 — 

20 — 

25-

30-

35-

40-

45-

50-

(See HC-4S for description of shallow 
aquifer soils) 

Very soft, moist to wet, dark gray and 
brown, clayey SILT with abundant plont 
remains. (Upper Aquitard) 

Medium dense, gray, wet, slightly silty, 
fine to medium SAND with multicolored 
grains and thin lenses of brown, clayey 
SILT. (Intermediate Aquifer) 

Bottom of Boring at 24.0 Feet. 
Completed 12 /28 /89 . 

S-1 

S-2 

S - 3 

S - 4 

Z^ 

Z 2 S 

z 

vs 

17 

V 

^1 
î  

§ § 

I 
§ 

V 

VV 
V s 

1^ 

o 
01 

<S| 

V 

1. Refer to Figure 8 -1 for explonotion of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for date specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oa 

J-2350-07 

Figure A - 3 0 
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Boring Log and Construct ion Data for 
Moni tor ing Well HC-31 

Geologic Log 

JZ IV 

Q . £ Ground Surface Elevation in Feet 22.46 Sample N 

Monitoring 
Well Design 
Cosing Stickup in Feet 2.1 
Top of PVC in Feet 24.59 

Lob 
Test 

5 — 

10 — 

15 — 

20 — 

25 — 

30 — 

35-

40 — 

4 5 -

50 -J 

(See HC—3S for description of shallow 
aquifer soils) 

Very soft to soft, wet, dark gray to 
block, very clayey SILT with abundant 
plant remains. 
(Upper Aquitard) 

Very dense, wet, black, slightly silty, 
medium to fine SAND with multicolored 
grains. 
(Intermediate Aquifer) 

Bottom of Boring at 35.0 Feet. 
Completed 1 /3 /90. 

S-1 

S-2 

S-3 

S-4 

S-5 

S - 6 s 

GS 

50 /5 

1. Refer to Figure 8—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines are interpretive 
and actual changes may b^ gradual. 

3. Ground water level, if indicated, is ot time of drilling 
(ATD) or for dote specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oa 

J-2350-07 

Figure A - 2 9 
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Boring Log and Construct ion Data for 
Monitor ing Well HC-21 

Geologic Log 

0) 

Q.E Ground Surface Elevation in Feet 25.14 
0 

10 — 

15-

20-

25-

30-

35 — 

40-

45 — 

50-

(See HC-2S for description of shallow 
aquifer soils) 

Very soft to medium stiff, wet, gray, 
slightly sandy, clayey to very clayey 
SILT with abundant plant remains. 
(Upper Aquitard) 

Very dense, wet, black, slightly silty to 
very silty, fine SAND'with multicolored 
grains. 
(Intermediate Aquifer) 

Bottom of Boring at 42.5 Feet. 
Completed 1 /2 /90 . 

Sample N 

Monitoring 
Well Design 
Casing Stickup in Feet 2.1 
Top of PVC in Feet 27.29 

Lab 
Test 

m '̂ 

S-1 

s-2 

S-3 

s-4 

S-5 

S-6 

S-7 

X 

X 

• 

15 

70 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for dote specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

GS 

s 

LnJ oa 
ij{MMF3mwm^ 
J-2350-07 

Figure A - 2 8 

12/^ 



Boring Log HC-26 

Geologic Log Grouted Boring 

JZ '^ 

^'*~ Approx. Ground Surface 
Q.E Elevation in Feet 15.6-

10 — 

15 — 

20-

25-

Sample N H-Nu 

Wet, brown SILT and GRAVEL 

Medium dense, wet, black, slightly 
silty, medium to fine SAND with mu l t i 
colored grains and trace plant remains. 

Brown PEAT. 

Soft, wet, dork gray and brown SILT with 
obundont plant remains. (Upper Aquitard) 

Bottom of Boring at 5.5 Feet. 
Completed 10 /23 /90 . 

S-1 

S - 2 

13 

VATD 

1. Refer to Figure B—1 for explonotion of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is ot time of drilling 
(ATD) or for date specified. Level may vary with time. 

O O 

oa 

J-2350-07 

Figure A ' -27 

10/90 



Boring Log and Construction Data for 
Moni tor ing Wel l HC-25S 

Geologic Log 

- ^ Q) 

^ '* " Approx. Ground Surface 
Q.E Elevation in Feet 15.99 

Monitoring 
Well Design 
Casing Stickup in Feet -0 .45 
Top of PVC in Feet 15.55 

•iiiijii'' 

Sample N H-Nu 
O 
o> 

5 — 

Loose, wet, brown, silty, very grovelly 
SAND. (Shallow Aquifer) 

Loose to medium dense, wet, black, 
slightly silty, fine SANO with mu l t i 
colored grains. 

10-

15 — 

20 — 

25 -J 

Moist, block and brown PEAT. 

Soft, wet, gray and brown SILT with 
abundant plant remains. (Upper Aquitard) 

Bottom of Boring at 8.0 Feet. 
Completed 10 /23 /90 . 

S-1 

s-2 

S-3 

X 

X 
X 

20 

VATD_ 

1. Refer to Figure 8 -1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for date specified. Level may vary with time. 

O O 

oa 

J-2350-07 

Figure A - 2 6 
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Boring Log and Construction Data for 
Monitoring Well HC-24S 

Geologic Log 

JZ <^ 

^'*~ Approx. Ground Surface 
Q.E Elevation in Feet 16.3.7 
0-

Monitoring 
Well Design 
Casing Stickup in Feet -0 .6 
Top of PVC in Feet 15.78 

Sample N H-Nu 

10-

15 — 

20-

25-

3 inches of asphalt over wet, brown, 
slightly silty SAND. (Shallow Aquifer) 

Medium dense, wet, block, slightly 
silty, medium to fine SAND with mu l t i 
colored grains and trace plant remains. 

Soft, wet, brown SILT with abundant 
plant remains. (Upper Aquitard) 

Wet, black, medium to fine SAND with 
multicolored groins and thin silt lenses. 

Bottom of Boring at 8.0 Feet. 
Completed 10 /23 /90 . 

S-1 

S-2 

S-3 

13 

13 

5 

1. Refer to Figure 8—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes moy be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for dote specified. Level may vary with time. 

O O 

oa 

J-2350-07 

Figure A - 2 5 
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Boring Log HC-23 

Geologic Log 

JZ « 

^ " ^ Approx. Ground Surface 
Q . E Elevation in Feet 16.6. 

Grouted Boring 
-fiSiii' 

Sample N H-Nu 

5 — 

"1 
10 — 

15 — 

20 — 

25—' 

3 inches of asphalt over medium dense, 
wet, black, slightly silty, medium to 
fine SAND with multicolored grains. 
(Shallow Aquifer) 

Medium dense, wet, black PEAT. 

Medium stiff, wet. brown SILT with 
abundant plant remains. (Upper Aquitord)^ 

Bottom of Boring at 9.0 Feet. 
Completed 10 /23 /90 . 

S-1 

S-2 

S-3 

13 

13 

VATD 

1. Refer to Figure 8 -1 for explonotion of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for dote specified. Level may vary with time. 

O O 

oa 

J-2350-07 

Figure A - 2 4 

10/^ 



Boring Log HC-22 

Geologic Log Grouted Boring 

J Z <u 

g-**" Approx. Ground Surface 
Q . E Elevation in Feet 13.3 

10 — 

15 — 

20 — 

25—" 

Sample N 

Dry swamp — loose, dry, brown SAND; 
topsoi l and weeds. 

Sof t , wet, m o t t l e d brown and black, 
clayey SILT with abundant plant f ragments. 
(Upper Aqui tard) 

Bo t t om of Boring at 6.5 Feet. 
Completed 8 / 1 4 / 9 0 . 

S-1 

S-2 

X 

X ATD 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descr ipt ions and s t r a tum lines are interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for date specif ied. Level may vary with t ime. 

O O 

oa 

J-2350-07 
Figure A-23 

8/90 



Boring Log and Construct ion Data for 
Moni tor ing Well HC-21S 

Geologic Log 

sz <» 

g-"*" Approx. Ground Surface 
Q . £ Elevation in Feet 15.4. 

Monitoring 
Well Design 
Casing Stickup in Feet 2.3 
Top of PVC in Feet 17.74 

'•m' 

Sample N 

10 — 

15 — 

20-

25-

Loose, wet, black, silty SANO with 
multicolored grains and trace of plant 
remains. (Shallow Aquifer) 

Soft. wet. blacdt, clayey SILT with 
abundant plont fragments (roots). 
Loose, wet, brown with black sriotions, 
silty SAND multicolored grains and trace 
of plont fragments. 
Soft, wet, gray, clayey SILT with plant 
fragments. (Upper Aquitard) 

Bottom of Boring at 6.5 Feet. 
Completed 8 / 1 4 / 9 0 . 

S-1 

s-2 

X 
X 

s/> ATD 

1. Refer to Figure 8—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines are interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for dote specified. Level may vary with time. 

O O 

oa 

J-2350-07 

Figure A - 2 2 

8/90 



Boring Log HC-20 

Geologic Log Grouted Boring 

J Z <u 

g- Approx. Ground Surface 
Q.E Elevation in Feet 13.7 Sample N 

-i Dry swomplond; topsoil and weeds. p 

Soft, wet, brown and black SILT with 
abundant roots and plant fragments. 
(Upper Aquitard) 

— 1 —inch—layer of roots and wood fragments. 

5 — 

10-

15 — 

20-

25 -J 

Very soft, wet, gray, clayey SILT with 
trace plant fragments. 

Bottom of Boring at 9.0 Feet. 
Completed 8 /14 /90 . 

Note: At depth of 5.6 feet sampler sank 
before driving. 

S-1 

s-2 

S-3 

X 

X 

X 
ATD 

1. Refer to Figure 8 - 1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore Interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for dote specified. Level may vary with time. 

O O 

oa 
J-2350-07 
Figure A - 2 1 

8/90 



Boring Log HC-19 

Geologic Log Grouted Boring •'m'^ 

J Z <u 

§-'*" Approx. Ground. Surface 
Q . 9 Elevation in Feet 15.9 Sample N 

Moist, brown SAND with multicolored grains. 
(Shallow Aquifer) 

10 — 

1 5 -

20-

25—' 

Medium stiff, wet, brown and black SILT 
with abundant plant fragments. 
(Upper Aquitard) 

Soft, wet, gray SILT. 

Bottom of Boring at 9.0 Feet. 
Completed 8 /14 /90 . 

S-1 

S-2 

S-3 

X 
X 

X 

ATD 

1. 

2. 

Refer to Figure 8—1 for explanation of descriptions 
and symbols. 
Soil descriptions and stratum lines are interpretive 
and actual changes may be gradual. 
Ground water level, if indicated, is at time of drilling 
(ATD) or for date specified. Level may vary with time. 

uu 
oa GMmmmmw 

J-2350-07 8/9^ 

Figure A-20 



Boring Log and Construct ion Data for 
Moni tor ing Well HC-18S 

Monitoring 
Geologic Log Well Design 

x : tu 
.-^ cu 

Q.E 
0-

Ground Surfoee Elevation in Feet 20.58 

5 — 

10 — 

15-

20-

2 5 - 1 

Moist, block, very gravelly SAND with 
wood chips. (Shollow Aquifer) 

Moist, gray, slightly silty SAND with 
iron staining. 

Loose to very loose, moist to wet, trace 
to silty SAND with multicolored grains. 

Very loose, wet, dark gray and brown, 
slightly sandy, clayey SILT with abundant 
plant fragments. (Upper Aquitard) 

Bottom of Boring at 14.0 Feet. 
Completed 12/13/89. 

Sample N 

Casing Stickup in Feet 2.4 
Top of PVC in Feet 22.97 

H-Nu 

S-1 

S - 2 

S - 3 

S - 4 

S - 5 

ND 

ND 

ND 

ND 

NO 

1. Refer to Figure B—1 for explonotion of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for dote specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oa 

J-2350-07 12/89 

Figure A - 1 9 



Boring Log and Construct ion Data for 
Monitor ing Well HC-17S 

Geologic Log 

J Z "U 
*.- OJ 

Q . E 
0-

Ground Surface Elevation in Feet 19.45 Sample N 

Monitoring 
Well Design 
Casing Stickup in Feet 
Top of PVC in Feet 21 

H-Nu 

•^iiiiSli''' 

2.3 
70 

10 — 

15 — 

20 — 

25—' 

Moist to wet, black, slightly silty 
SANO with multicolored groins. 

Very loose, wet, block, slightly clayey, 
silty, fine SAND with multicolored 
grains. 

Very loose, wet, black, clayey, very 
silty, fine SAND. 

(Shallow Aquifer) 

Very soft, wet, dork gray, slightly 
sandy, clayey SILT with abundant plant 
fragments. (Upper Aquitard) 

Bottom of Boring at 11.5 Feet. 
Completed 12/13/89. 

S-1 

S-2 

S-3 

S -4 

X 

X 

X 

X 

ND 

NO 

ND 

ND 

VATD' 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
ond actual changes may be gradual. 

3. Ground water level, if indicated, is ot time of drilling 
(ATD) or for dote specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oa 

J-2350-07 

Figure A - 1 8 

12/89 



Boring Log and Construct ion Data for 
Monitor ing Well HC-16S 

Monitoring 
Geologic Log Well Design 

J Z <u 
w 0) 
CL'*-

Q.E 
0-

Cosing Stickup in Feet 1.7 

Top of PVC in Feet 17.05 

Ground Surface Elevation in Feet 15.36 

10-

Soft , wet. gray and block, clayey to 
- j—I very clayey SILT with obundont plant 

I remains. (Upper Aqui tard) 

15 — 

20-

25—' 

Sample N 

Moist, dork gray to block, very gravelly, 
sl ight ly si l ty to si l ty SAND with wood 
chips, slog, and ore. (Shallow Aquifer) 

Dense to medium dense, wet, greenish 
gray, very gravelly to gravelly*SAND 
with quartz f ragments . 

Medium dense, wet, dork gray, si l ty SAND 
with mul t ico lored grains. 

Bo t t om of Boring at 9.0 Feet. 
Completed 1 2 / 1 1 / 8 9 . 

S -1 

S - 2 

S - 3 

32 

30 

1. Refer to Rgure 8—1 for explanat ion of descr ipt ions 
and symbols. 

2. Soil descr ipt ions and s t ra tum lines are interpret ive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at t ime of drilling 
(ATD) or for dote specif ied. Level may vary with t ime. 

4. Bold line indicates boundary between major hydrogeologic 
uni ts shown parenthet ical ly. 

O O 

oa 

J-2350-07 

Figure A - 1 7 
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Boring Log and Construction Data for 
Monitoring Well HC-15S 

Geologic Log 

sz a> 

Monitoring 
Well Design 
Cosing Stickup in Feet 2.0 

Top of PVC in Feet 17.72 

"'iii{&' 

Q .E Ground Surface Elevotion in Feet 
0-

15.70 

10-

15 — 

2 0 -

25-

Sample N 

WOOD CHIPS and mois t , dork brown, very 
grovel ly SAND with slag, ore, and 
quar tz . (Shallow Aquifer) 

Very dense to loose, wet, dork gray to 
black SAND with mul t ico lored grains. 

Very soft, wet, groy ond block, clayey SILT with 
[Obundont orgonic motter. (Upper Aquitord) |— 

B o t t o m of Boring at 9.0 Feet. 
Completed 1 2 / 1 1 / 8 9 . 

S -1 

S - 2 

S - 3 

51 

1. Refer to Figure 8—1 for explanat ion of descript ions 
and symbols. 

2. Soil descr ipt ions and s t r a t u m lines are interpretive 
and ac tua l changes m a y be gradual. 

3. Ground water level, if ind icated, is at t ime of drilling 
(ATD) or for dote specif ied. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
un i ts shown parenthet ical ly . 

on 
OO 

J-2350-07 

Figure A - 1 6 
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Boring Log and Construction Data for 
Monitoring Well HC-14S 

Geologic Log 

J Z <" 

Q .9 Ground Surface Elevation in Feet 20.59 
0 

Moist, black SAND with multicolored 
grains. (Shallow Aquifer) 

10 — 

15 — 

20 — 

25-

Sample N 

Monitoring 
Well Design 
Cosing Stickup in Feet 2.1 
Top of PVC in Feet 22.71 

H-Nu 

Very loose, wet. block, slightly silty 
to silty SAND with multicolored grains. 

Loose to very loose, wet, block, trace 
to slightly clayey, slightly silty to 
silty, fine SAND with some plant remains. 

Very soft, wet, gray and brown, very 
clayey SILT with abundant plant 
fragments. (Upper Aquitard) 

Bottom of Boring at 14.0 Feet. 
Completed 12/13/89. 

S-1 

S - 2 

S - 3 

S - 4 

S - 5 

NO 

ND 

NO 

ND 

ND 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for dote specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oa 
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Boring Log and Construction Data for 
Monitoring Well HC-13S 

Monitoring 
Geologic Log Well Design ' • ' i < i& ' ' 

JZ <" 

<u 
Q.E Ground Surface Elevation in Feet 25.45 
0-

10 — 

15 — 

20-

25—" 

Moist, brown, gravelly SAND with wood 
chips. (Shallow Aquifer) 

Loose, moist, dark gray, silty SAND. 

Medium dense, moist, 
SILT with organics. 

ton, slightly cloyey 

Soft, moist, 
staining. 

tan. slightly clayey iron 

Loose, moist, greenish gray, slightly 
gravelly SAND. 

Loose to very loose, moist to wet. black, 
slightly silty, medium to fine SAND with 
multicolored grains. 

Soft, wet, dark gray and block, very 
clayey SILT with abundant plant remains. 
(Upper Aquitard) 

Bottom of Boring at 19.0 Feet. 
Completed 12/13/89. 

Casing Stickup in Feet 2.1 
Top of PVC in Feet 27.55 

Lab 
Sample N Test H—Nu 

S-1 

S - 2 

S - 3 

S - 4 

S - 5 

S - 6 

S - 7 

18 

ND 

ND 

ND 

ND 

9 GS ND 

ND 

ND 

O 

SL 

1. Refer to Figure B—1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and octuol chonges may be gradual. 

3. Ground woter level, if indicated, is ot time of drilling 
(ATD) or for date specified. Level may vary with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

O O 

oa 
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Boring Log and Construct ion Data for 
Moni tor ing Wel l HC-12S 

Geologic Log 

Q.9 
0-

Monitoring 
Well Design 
Casing Stickup in Feet 
Top of PVC in Feet 20. 

2.1 
70 

Ground Surface Elevation in Feet 18.56 

10 — 

15 — 

20 — 

25' 

Sample N H-Nu 

WOOD CHIPS and moist, dark gray, 
gravelly, silty SANO with slag and ore. 
(Shallow Aquifer) 

Loose, moist, dork gray to block, slightly 
silty to silty, fine SAND with wood 
debris. 

Dense, moist, dork gray to black, 
gravelly, slightly silty, fine SAND with 
slog and ore fragments. 

Loose, wet. dork gray to block, slightly 
silty to silty, fine SANO. 

Soft, moist, dark gray and brown, 
slightly clayey to clayey SILT with 
abundant plant remains. 
(Upper Aquitard) 

Bottom of Boring ot 14.0 Feet. 
Completed 12/12/89. 

S-1 

S - 2 

S - 3 

S - 4 

S - 5 

32 

ND 

ND 

ND 

ND 

ND 

1. Refer to Figure 8 -1 for explanation of descriptions 
and symbols. 

2. Soil descriptions and stratum lines ore interpretive 
and actual changes may be gradual. 

3. Ground water level, if indicated, is at time of drilling 
(ATD) or for date specified. Level may vory with time. 

4. Bold line indicates boundary between major hydrogeologic 
units shown parenthetically. 

OO 

oa 
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Hart Crowser 
J-2350-07 

GRAIN SIZE DISTRIBUTION TEST DATA 

Composite #1 
TP-114, TP-116 North Site Area 

Composite #2 
TP-117, TP-118, TP-113 North Site Area 

Composite #3 
SS-5, SS-6, SS-9 Sand Blast Grit 

Composite #4 
SS-3, SS-17, SS-2 & TP-127 Ohio Ferro-AUoy 

Composite #5 
HC-14, HC-25 & TP-104, TP-107, TP-201 General FiU Area 

li^lr. 
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PREVIOUS EXPLORATION LOGS BY OTHERS 
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GEOLOGIC LOG AND 
DETAILED WELL DUGRAM 

EE-6 THROUGH EE-IO 
ECOLOGY & ENVIRONMENT, INC 



ecology k e n v i r o r » a n t , i n c . 9ie«t 1 of 1 

CCOLKIC LK 

Moll No.I ZZ6 
ProJ o c t I Nearshore /Tidef l» ta 

Loqgod Byt T. Syveraon 
Dot* COaplotadi Fefaruary 16, 1987 

OEPTH 
(Fee t ) 

THICK 

N£SS 

SAHPLQ 
Zt6 * OESCRIPTION 

0-3 

3-6 

6-11 

11-16 

16-24' 

TOTAL 
DEPTH: 

24 ' 

10' 

15' 

20' 

FILL - S lag , 602, 2-10ca, s t e e l giray; Qraval , 20S, sub- ro tndad , 
l i t h i c a ; Sand, 15S, aedlua grainad« gray l i t h l c a ; Wood, 
55. 

FILL - Sand, 70S, mediua-to-coarsa grained, g ray- tan ; Gravel , 10S 
coarse grained l i t h i c a 2 -4a i , slag cobblea 1-3cm, dartc 
gray; Wood, 5S; S i l t , 5S, dark gray; Clay, SS, l i g h t g ray , 
sa tu ra ted . 

S1£LL SANO - Sand, 5SS, medius-to-coarse gra ined, sub-rouided , 
g ray - t an , l i t h i c a , sub-arqular «^ita quar tz g r a i n a ; 
S M I I S , 2SS, Ian romj - to -b rokan , pink, i# i i t a ; S i l t , 
10S, dark gray; Pebbles, 10S, sub-roundad l i t h i c a ; 
Sa tura ted . 

WOt»Y CLAY - Clay, 70S, tan-toro»*i; Wood, 20S; S i l t , 105, brown; 
teiat. 

SANO - Sand, SO-90S, mediua-to-coarse gra ined, sti>-angular, r u s t , 
t a n , gray, l i t h i c s ; S i l t , 10-155, g ray ; Wood, t r a c e to 
35; Sa tura ted . 

Figure A - 6 1 



ecology k envi iu i ien t , inc. Shoot 1 or 1 

CCXrciC LOG 

Woll No.I EE7 
Pro J oct» Nearshore/Tidenats 

Loggod Byi T. Syverson 
Data CoBpiatadi February 17, 1987 

DEPTH 
(Feet) 

THICK
NESS 

SAMPtg 
EE7 # DESCRIPTION 

0-3 

3-6 

6-11 

11-12 

TOTAL 
DEPTH: 

12' 

10' 

FILL - Slag, 605, steel gray, pebblaa and cofablsa l-Sos; Wood, 
205, bark; Grsval, 155, sub-rouxlad l i th ics ; Sand, 55, 
rins-to-coarss grained, browi. 

FILL - Sand, 7t}5, nadlus-to-coarao grained, gray-tan; Graval, 105, 
coarsa grained, sub-ro(/idad l i th i c s ; Wood, 55, bark; S i l t , 
55, dark gray; Clay, 55, gray; Traca slag pebblaa; 
Soturatad. 

SHELL SANO - Sand, 70S, nedim-to-coarsa grained, 3U>-ro(Xid«d to 
sv^-angular, tan, rus t , gray, l i th ics ; Shalls, 155 
pink, i^ i ta , tan, 1-2JM, >^ la and broken; S i l t , 155 
dark gray; Saturated. 

WOODY CUY - Wood, 605; Clay, 405, light-to-«edlu» bro»«n. 

Figure A-62 



ecology k anv l ronson t , i n e . Sheat 1 or 1 

GEOLOGIC L X 

Woll No.I EEB 
Proj oe 11 Nea r sho re /T ide f l a t s 

Logged Byi T. Syverson 
Oota Coaplatadi February 17, 1987 

XPIH 
(Feet) 

THICK 
NESS 

SAMPLE 
EES # DESCRIPTION 

0-5 

5-11 

11-17 

17-21 

21-25 

TOTAL 
DEPTH: 

2 5 ' 

4' 

10' 
15' 

20' 

25' 

FILL - Graval , 505; sub-roundad to sub-angular , pebblaa t n i 
cobblea , t a n , g r ay , broi«i l i t h i c a , including angular «^i ta 
q u a r t z ; Slag, 30S, 1-3cn, s tee l gray; Sand, 105, 
isediij»-to-coarsa grained, gray; S i l t , 55, dark gray; 
Wood, 55. 

SANO - Sand, 955, fine-to-fliediun grained, sub-angular , r u a t , t a n , 
gray , l i t h i c s , frosted and clear quar tz ; S i l t , 55, dark 
gray; Sa tura ted . 

WOODY CUY - Clay, 555, raedivj«-to-light gray; Wood, 455; Wet. 

- 5 wood decreases with depth. 

SILTY SAM} - Sand, 805, aediua grained, 3ii>-angular to angula r , 
r u s t , t an , > ^ i t e , gray, l i t h i c a , c l ea r ar«d froatad 
quar tz ; S i l t , 103, dark gray; Sand, 55, fina g ra ined , 
l i gh t gray; Organics, 55, aood, root a a t a r i a l ; 
Satura ted . 

SILTY CUY - Clay, SOS, l i g h t brow%-to-a«diui gray; S i l t , 155, 
dark brown; Sand, 55, fine grained, i i g h t - g r a y ; Wet. 

.rs A-63 



ecology k envirorwent, i nc . Swat 1 or 1 

CEXKIC LOG 

Woll No.I EE9 
Project t Nearshore/Tideflats 

Logged Byi T. Syverson 
Data Coaplatadi February 18, 1987 

DEPTH 
(Feet) 

THICK
NESS 

SAMPLE! 
EE9 # OESCRIPTION 

0-7 

7-10 

10-11 

TOTAL 
DEPTH: 

IT 

10* 

10' 

FILL - Gravel, 405, sub-rowded, pebbles and cobblsa, rus t , gray, 
tan, l i th ica , angular <^ita quartz; Slag, 255, 1-3aa, 
steel gray; Wood, 255, bark; Sand, 105, aadiua-to-coaraa 
grained, brown-gray. 

- 5 slag increaaea to 3 ' , then decreases. 
- 5 sand increaaea with depth. 

PEBBLEY SANO - Sand, 855, nediin-to-coarse grained, angular to 
SLb-angular, rust , gray, tan, l i t h i c s , Wilts and 
clear quartz; Pebbles, 105, sub-rbix^ed, grsy, 
tan, l i t h i c s ; S i l t , 55, dark gray, saturated. 

WOOOY CUY - Clay, 555, brown-to-nediui gray; Wood, 455; Wet. 

i-igura A—64 



eco logy k a n v i r o n a e n t , i n c . Shaat 1 o f 1 <«ii!> 

CEOLKIC LOG 

Wa l l No . I EEIO 

P r o j e c t > N e a r s h o r e / T i d e f l a t s 

Logged Byt T. Syveraon 

Data CoBplatadt February 18, 1987 

DEPTH 
(Fee t ) 

THICK
NESS 

SAMPLER 

EE10# OESCRIPTION 

0-1 

1 - 4 ' 

4 - 1 2 ' 

12-17' 

TOTAL 
DEPTH: 

17' 

10 ' 

F ILL - Bark , 355, dark brown; Sand, 105, aad iua- to -coarso g r a i n e d , 
b roMi ; G rave l , 55, sU)-ro inded l i t h i c s . 

F ILL - G r a v e l , 555, sub-rotnded l i t h i c s ; Sand, 255, l aod iua - t o -
coarse g r a i n e d , dark b r o t n - g r a y ; S i l t , 105, dark g r a y ; 
S lag , 55, 1 - 3 a i , s t e e l g r s y ; Wood, 55 . 

WOOOY CUY - C lay , 60S, l i g h t b r o M i ; Wood, 305; Pebbles, 105, 
3ub-roixided l i t h i c s ; Wet. 

SANO - Sand, 955, mediua- to-coarse g ra ined , angular to sub-
roix>ded, g r a y , b l a c k , r u s t , t a n , l i t h i c a ; Sond, 55 , f i n e 
g ra i ned , g r a y , s a t u r a t e d . 

Figure A - 6 5 



SOIL TYPE AND WELL CONSTRUCTION MATERIALS LEGEND 

SOIL TYPE 
SYMBOLS 

WELL CONSTRUCTION 
MATERIALS 

C-I • -I - - . • -

Clean Gravel (GW.GP) 

i / ^ 3 Silty Gravel (GM) 

h'^'Sii.^', 
Clayey Gravel (GC) 

Clean Sand (SW.SP) 

lllilv Uy Sand (SM) 

r r r rm m 
m 

Clayey Sand (SC) 

S i l t (ML) 

^ ^ Clay (CL) 

F F I I I I • I • I 
• ^ ^ ^ ^ ^ ^ ^ ^ » f 

^ ^ ^ ^ 0 ^ ^ * ^ ^ r 

-^ ' i • ' ' ' ^ t ' \̂ 

Organic S i i t s (OL) 

Peat (PT) 

Artificial Fill 

Ull m Well Casing 

Well Screen 

Sand Pack 

-̂'•*'~'-V;:"':-": Gravel Pack 

Borehole Collapse 

p ^ ^ ^ Bentonite Slurry 

Bentonite Pellets/Chip 

Cement 

rrn 
w*^^va Cement w i th Bentonite 

Back f i l l Material 

Figure A—66 



EE6 EE7 

1 0 -

- U< 

3 0 -

4 0 -

5 0 -

6 0 -

7 0 -

na 

10-

I 14} 

IB 7? 

2 0 -

3 0 -

4 0 -

5 0 -

8 0 -

7 0 -

80-

1 
J 

na 

EE8 

I 

' i i i ifii ' 

1 0 -

20-

3 0 -

4 0 -

5 0 -

6 0 -

7 0 -

m 

u 

80-

iiV 

ry 
e/ 

nu. 

' a 

LEGEND 
EE1 UoniiorbiQ wdi datfgnotlon 

SP Lithologic lettor de«fgnatIon 

3 (i«ntrdl2«r¥ 

ecology k envtronmant. Inc. 
Jete n » - M 1 3 - i a 1 « M t * 9tac WA 0O44 
Oram bjK 0. P. |Oat« ApH 2*. 1907 

DETAILED WELL DIAGRAM 
TACOMA NEARSHORE TIDEFLATS 
Tacoma, WA 

Figure A - 6 7 



EES EEIO 

20H 

30H 

40-1 

50-1 

60H 

70-1 

nu. 

10-1 

20-1 

30-1 

P? 

i - a 

i na i 

LEGEND 

EE1 Monitoring • wdi d««fgnatfon 
» Uthologic lettor det/gnotJoo 
3 C«ntrdl2«n 

Figure A - 6 8 



Hart Crowser 
J-2350-07 

''im^' 

BORING LOGS AND WELL DIAGRAMS FOR 
P-IOSS, P-IOS, AND P-IOD 

SHANNON & WILSON, INC 



' ' i i i i ' ' ' ' 

LOG & AS-BUILT DIAGRAM 
GEOLOGIC LOG* 

DRILLERl KRING DRILLING COMPANY 

COMPLETION DATE: AUGUST 7. iss i ' 

ALTITUDE: 21.3 FEET. SURVEYED 

CtOUNO S U I F i t t 

AS BUILT 

SilTY. 0 n * * > l v S A N O : madn tm roundad graval . 
l a n d g/adas f r e m vary f i na to coarsa, b iack . b r o w n 
• n d g r a y . 

T O T A L D E P T H 8 U F E E T 

*YV anTWon f i ' Lana C la i a i f i c sbon 

N O T E ; 1) V a r t i c a l icata ehanfad f r o m prav ious > o ^ 
t o shOMT da ta i l in u - b u i i t d raw ings . 

21 T Naar high high t jda 

V Naar l o w low t ida 

3) 0 .3 ga l lons pumoad f r o m wa l l on 8 / 1 3 / 8 1 

p r i o r t o o b t a i n i n g watar qua l i t y sampla . 

SHANNON & WILSON, INC. 

l y SEATTLE. nSHIXGTOH 
•̂̂  (2D5) 532-aa2a m 

P E N N W A L T C O R P O R A T I O N 
T A C O M A W A S H I N G T O N P L A N T 

C R O U N O W A T E R M O N I T O R I N G W E L L 

P-IOSS 

W-3819-06 

A U G U S T 1981 

Figure A - 6 9 



LOG & AS-BUILT DIAGRAM 
GEOLOGIC LOG^ 

DRILLER: KRING DRILLING COMPANY 

COMPLETION DATE: A P R I L I S . I S S I 

ALTITUDE.* 21.3 FEET, SURVEYED 

' CROUNO SUItf iCE • 
S i l t y , gra<«lly S A N O : mad ium reundad graval, i and 
gradas f r o m vary f ina to coarsa, b lack , b r o w n and g ray . 

O rgan i c , c layay S I L T : f ibrous organics Ipaat f . craca 
sand , b r o w n and grsy^ 

Sandy S I L T : vary f ina sand, layars of j i l t y f ina sand 
1/2 i n c h - t h i c k . 

W A T E R B E A R I N G , sl ight ly s i l t y . f i n * S A N O : sand 
gradas f r o m vary f ina to m a d i u m , gray. 

V a r y s i l t y , vary f ina S A N O : sand gradas f r o m vary 
f i na t o f i n a , gray. 

Organ ic clayay S I L T : layarad f ib rous organics loaa t ) , 
• ^ t r a c a f ina sand , b r o w n and gray . /— 

T O T A L D E P T H 3 3 J F S E T ' 

' W a n t w o r t h ' L a n a CUssi f ica t ion 

N O T E : 1) 5 gal lons pumpad f rom wal l on 4 ^ 3 / 8 1 
pr io r to obta in ing in i t ia l watar qua l i t y 
samola on 4 / 2 9 / 8 1 . 

2) IT naar h igh high t ida 

^ naar l o w low t ida 

J. 

LOG 

0£?TH 
IN 

FcET 

/ 
A 
7 
/ - ^ 
^ 

V . ' • - " 

-. 0 -
: o • / . • 
/ . . • »• 

• . • • • / 

AS 3UILT 
_MJi!'*' 

4.<nch 1.0. 
sxaal casing \ 
w i i t i thraadad 
eaa 

10<4 incAas 

•1 

• r ^ i • 1.0 

' / / J -

SLS. 

/ / I 

: / : / • • / 

« o 

I s 

^;^7^ 

40 -

Vantad PVC 
sfio-ion cap y ^ ^ 

Camant g rou t 
saal 

1.5-Micn I.O. 
thraadad PVC 

'casing 

Ban ton i l a 
pal lat saal 

PVC \ t iaan 
N o . 10 slot 

Sand back f i l l 
N o . 3 t rac t ion 
sand 

Machinad 
plug 

SHANNON & WILSON, INC. 
GSOUHOIiTEa SECTIOH 
SEATTLE. lASHIMGTOH 

(205) S32-aQ2Q [̂[ 

P E N N W A L T C 0 R P 0 R A T : 0 N 
T A C O M A W A S H I N G T O N PUANT 

G R O U N D W A T E R M O N I T O R I N G W E L L 

P-IOS 

W.3819-00 

J U L Y 1931 

Figure A - 7 0 
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V^JjJi'' 

LOG & AS-BUILT DIAGRAM 
GEOLOGIC LOG^ 

D R I L L E R : KRING DRILL ING COMPANY 

COMPLETION DATE: A P R I L I 8 , I 9 8 I 

ALTITUDE: 2 U FEET, SURVEYED 

SXQUNO SURFiCE-

i 3 
CSI 

o zz 

S i l t y , gravalty S A N O : m a d i u m roundad graval , sand 
gradas f r o m vary f i na t o coarsa, b l ack , b r o w n and gray. 

Organ ic , c layay S I L T : f i b r o u s organics (paa t j , traca 
sand, b r o w n and g ray . 

Sandy S I L T : vary f i na sand, layars o f s i l t y . f ina sand 
1/2 inch t h i c k . 

W A T E R S E A R I N G , s l i gh t l y s i l t y . f ina S A N O : sand 
gradas f r o m vary f i na to m a d i u m , gray. 

Va ry s i l ry , vary f ina S A N O : sand gradas f r o m vary 
f ina to f i na , g ray . 

Organic c layay S I L T : layarad f i b r o u s organics (paat ) , 
traca f i na sand, b r o w n and gray. 

W A T E R S E A R I N G , s l i gh t l y l i l t y and si l ry . f ina S A N O ; 
sand gradas f r o m vary f ina to m a d i u m , numarous sftatl 
f r agman ts . gray and da rk gray . 

T O T A L D E P T H 59.5 F S E T 

' W a n t w o r t h ' L a n a C l a o i f i c a t i o n 

N O T E : 1) 20 ga l l ons p u m p a d f r o m wa l l on 4 / 2 3 / 8 1 
p r i o r t o o b t a i n i n g i n i t i a l watar qua l i t y 
sampla o n 4 / 2 9 / 8 1 . 

21 ^ naar high high tida 

O naar low low tida 

LQG 

DEPTH 
IX 

FEET 

' • • / • / ' A 

Y • / • ' / • / 

a <a 

cs — 

. / 

' / • 

/ • / : / • 

' • / : 

• # • • • 
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MDNITDRING WELL GEDLDGIC S. CDNSTRUCTIDN LDG 
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MDNITDRING WELL GEDLDGIC ^ CDNSTRUCTIDN LDG 
PROJECT NUMBEJ; 

S21487J-1 

WELL NUMBER 
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MDNITDRING VELL GEDLDGIC S. CDNSTRUCTIDN LDG 
PROJECT NUMBER 
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MDNITDRING VELL GEDLDGIC S> CDNSTRUCTIDN LDG 
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VELL CONSTRUCTION 

S ' L o e k m g S t e e l M o n u n e o t 

R 
[SILTY SAND, f m e t o n e d l u n , 
I t r a c e c l a y n o d u l e s CSM) 

72 2 - 2 - 4 ) 

I 44 13 4 -i SANE, f ine t o n e d l u n , d a r k b r o w n • 
- " ! I CSP), oily s h e e n on s a n p l e f r o n ~! 

1 4 . 5 t o 6 f e e t 

6 7 I 1-1-1 I 

_ : 5 6 , ' 2 - 2 - 1 1 

L 
» 

(L. 

3 
cr 

0 

"5 

C o n c r e t 

V o l c l a y G r o u t 

^̂=S H 

I e n p o r a r y ig» 
S t e e l Cas ing 1 3 ' 

8 ' 

T l t 

\ ICLAYrv ^Tl ' b r o w a a b u n d a n t _ 
6 7 , 0 - 1 - 1 I o r g a n i c n a t e r i a l CML) | 

10 ! 67 11-0-1 I 

100 I 0 - 0 - 1 

10. 

^ JCO | 0 - 0 - l j p ^ a . c f r o n 13.5 t o 13.8 f e e t J 

100 , 0 - 0 - 1 

1 5 . 
I 

1 5 . 

_ 100 ! 0 - 1 - 1 

•a 
i. 
a 
•* 

5 a 
< 
L 
a 
a 
a 
3 

2* S t a i n l e s s 
S t e e l C 3 l 6 ) Cas ing 

I i 
-; 1 
I 100 1 0 - 0 - 1 

J 
- r ! -AiJ-J ftNU ::.1L[ T :i.ANU. v e r y ¥\ne. - 1 

I i n n , Mo'"0*n t o g r e y - b r o w n , m t e r -
—' ' •" ' ; ° ~ ° ~ M b e d d e d , t r a c e o r g a n i c s CML - \ 

. i ^^and SM) ! 
2 0 — ! 2 0 — i 

! 100 l o - O - l I 

_ ! 100 p - 2 - 2 

6 7 2 - 3 - 4 

SILTY SAN? f ine , d a r k g r e y CSM) i 

2 5 - 78 

SANC, STLTY <:ANn ANP tANHY TTI t . 

6 - 6 - 4 
i n t e r o e O d e d , f ine t o n e d l u n s a n d , 
t r o c e o r g o n i c s a n d s h e l l 3 3 — 
f r a g n e n t s CSP, SM a n d ML) 

67 3 - 4 - 1 1 

J IOO 0 - 0 - 1 

J 

L 
» 
5 
< 

I i . 

B e n t o n i t e Ch ips 

• 30 F i l t e r 
Silica S a n d 

• 16 F i t t e r 
M o n t e r e y S a n d 

2 ' S ta in less 
S t e e l C 3 1 6 ) V i r e 

W r a p V e i l S c r e e n 

1 3 . 

2C-

^ C e o t e r t n g 
Guides 

2 5 

• C e n t e r i n g 
G u i d e s 

N - S 

uur«t P i . a 'T 

Figure A - 8 1 



MDNITDRING VELL GEDLDGIC I CDNSTRUCTIDN LDG 
PROJECT NUMBER 

S 2 J 4 8 7 n 

VELL NUMBER 

WN-13D SHEET 1 DF 

PROJECT Reichhold C h e m c a l s Ine . LOCATION Tacona . VA 

12.39 ELEVATION. NGVD CTop o f Ve i l C a s m g ) 
VATER LEVEL ELEVATION. NGVD 2,63 0 2 / 1 0 / 9 6 ) 
DRILLING CONTRACTOR S t a e o Veil Serv ice Inc. 

SURFACE ELEVATIOH NGVD 
START DATE 10/2U96 
FINISH OATE 

J0:£. 

10/27/96 
DRXLLINC 

te 

a. 
W 

i "* i 

METHOD 

SAMPLE 

8 

i 
: 
.9 

9 u c v r u « t r i e 2 2 - V C a b l e T o o l - C o n t m u o u s S o l i t S o o o n 

GEOLOGIC LOG fc 
USCS DESIGNATION 

i 

(J 

is 
: ; : 

5 — 

-

10 — 

_ 

7 2 

4 4 

6 7 

5 6 

6 7 

5 7 

100 

1"^ 

— • 

20 — 

— 

2 3 — 

100 

2 - 2 - 4 

3 - 4 - 5 

a - 1 - 1 

2 - 2 - 1 

0 - 1 - 1 

1 - 0 - 1 

0 - 0 - 1 

O - O - l 

100 O - O - l 

100 ! 0 - 1 - 1 

loa o-o-i 

100 o-o- i 

100 O - O - l 

100 

6 7 

7 8 

6 7 

100 

100 

0 - 2 - 2 

2 - 3 - 4 

6 - 6 - 4 

3 - 4 - 1 

0 - 0 - 1 

O - O - l 

SIL.TT_.SiANJJ- F m e t o n e d l u n . -
t r a c e c t a y n o d u l e s CSM) 

L 
• 
3 
u 
< 

SAND, f m e t o n e d l u n . d a r k b r o w n J » 

4 J t o 6 f e e t 

C L A T E T . S U - T - b r o w n , a b u n d a n t 
o r g a n i c n a t e r i a i CHL) 

10 — 

P e a t f r o n 1 3 J t o 13.8 f e e t 

13 — 

Kn. T ANTJ S I L T Y SAND, vmr .^ f m a , — 
b r o e n t o g r e y — b r o w r v m t e r — 
b e d d e d , t r a c e o r g a n i c * CML — 
a n d SM) 

20 

S l L r C S A M U r Fm« . d a r k g r e y CSM) 

SAND. STLTY SANTI AND SANTIY STLT, 
m t e r b e d d e e t f m e t o n e d l u n s a n d , 
t r a c e o r g a n i c s a n d s h e l l 2 3 — 
f r a g n e i r t * CSP, SM a n d ML) 

• 

C A Y S Y S I L T , l i g h t b r o w n CML) 

a 

•8 

L 

a 
a. 
a 

L • 
<k 

3 

a 

i 
L 
a 
e 

V E L L CONSTRUCTION 

\ / n l ^ A v G^'ALf^ MI _ . 

2 * S t a m l e s s 
S tee lC316) Casmg 

8 ' T « R p o n a r y 
S t » » l Casmc 

± ^ 

• ' • 

-: 

- : > 

t 

• - :-' 

5 — 

: o — . 

— 

IS — 

20 — 

2 5 — 

-
UW1 r i - « 7 

Figure A-82 1/2 



MDNITDRING VELL GEDLDGIC S. CDNSTRUCTIDN LDG 
PROJECT NUMBER 

S21487X1 

VELL NUMBER 

MW-13D SHEET g DF 

PROJECT Reichhold Chemca l s In<^ LOCATION Tacona. VA ' ^ m 

ELEVATION. NGVD CTop o f Veil Casmg) _ _ 

VATER LEVEL ELEVATION. NGVD 2.63 C:2/10/96) 
12.S9 SURFACE ELEVATION. NGVD-_;^ 

START DATE 10/21/96 
10.6 

DRILLING CONTRACTOR S t a e o Veil Se rv i ce I n c FINISH DATE 10/27 /96 
DRILLING METHOD B u e v r u s Erie 2 2 - V Cable Tool - Contmuous Sollt Sooon 

z 
u 
a 

SAMPLE 

8 

r 
0 
a 

C£QLOGIC LOG fc 
USCS DESIGNATION 

>-

VELL CDNSTRUCTIDN 

-8ft-

44 O-O-l 

44 0-0-1 

100 

3 5 -

l - l - l 

CLAYry g-TLT. light brown, 
a b u n d a n t organicx CHL) 

1 t o 2 -mch th ick m t e r b e d s 
of p e a t 

100 0-0-1 

100 

100 

40- 100 

0-0-1 

0-0-1 

O-O-l 

3 3 -

STLT. - t r ace fme sand, brown 
CMD, g r a d e s downward t o 
increas ing sand and t r a c e 
Shell f r a g n e n t s 4Q_ 

TJ 
L 
d 
f 
3 
tr 
< 
L 
a 
» 
0 

8 ' T e n p o r a r y 
S t e e l Casmg 

Volclay G r o u t 

2 ' S t a m l e s s 
SteelC316> Casmg 

67 0-0-1 

4 5 . 

67 2 - 2 - 2 

100 2 - 2 - 3 

_ 100 

30-

1-6-8 

100 B - 4 - 6 P 
100 7 - 9 - 9 

100 "6 -8 -8 

SAND, nedlun, t r a c e silt, d a r k 
g r e y CS?) 

zone of brown s i l ty sand 

4 5 . 

g r a d e s t o nedtun t o c o a r s e 
s a n d 30-

L 
e 
u. 
3 
0-< 
a 
a 
a 
o 

Benton i te Chips 

•30 n i t e r 
Silica Sand 

•16 FUte r 
Monterey Sand 

2 ' S t a m l e s s 
SteelC316) Vire 

V r a p Veil S c r e e n 

^ 

33-

40-

.^Centermg 
G u d e s 

4 5 . 

< ^ e n t e r m g 
Guides 

30 

Z5- 3 3 -

NTS 

35 

/ . _ « T 

Figure A-82 2 / 2 



MDNITDRING VELL GEDLDGIC ^ CDNSTRUCTIDN LDG 
PROJECT NUMBER 

S214a7Xl 

VELL NUMBER 

IVIW-16S SHEET 1 OF 1 

' • i&i ' ' PROJECT Reichhold Chenieal« Inc. LOCATION Tacona, VA 

11.73 ELEVATION, NGVD <Top o f Veil Ca*mg) 
VATER LEVEL ELEVATION, NGVD 8.99 Q2/10/B6) 
DRILUNG CONTRACTOR 
DRILLING METHOD 

G e e - T e c h Eyptora t lony, Inc. 

SURFACE ELEVATION. NGVD 

START DATE 10/29/96 
FINISH OATE 10/29/86 

10.0 

CME - 73 with 6-fnch ID hollow s t e n a u g e r 

0. 

SAMPLE 
GEDLflmC LOG fc 

USCS DESIGNATION 1 

VELL CONSTRUCTION 

' Loekmg S t e e l Monunent 

^ ^ 

78 4 -3 -3 

67 l - l - l 

67 2-1-0 

100 
10-

O-O-l 

i 

13 1 

20-

2 3 -

SANT!. nedlun. s o n e s i l ty sond 
z o n e s , q r e y t o d a r k brown 
CSP-SM) 

SANP. fine t o nedlun. t r a c e s i l t , 
d a r k g r e y t o blacH, z o n e s o f 
aJoundont shel l f r a g n e n t s 
p r e s e n - t CSP), g r a d e s 
s i l t J e r a t 7,0 f e e t ' ~ 

L » 
3 
< 
* 
0 
"3 
X 

DRGANTC STLT. brown t o black, 
a b u n d a n t c a r b o n a c e o u s n a t 
s o f t CDL) 

eriaL _j 

C o n c r e t e 

Bentoni te Chips 
•30 F i l t e r 
SUica Sand 

•16 F i l t e r 
Monterey Sand 

Sch. 40 s lo t - t ed 
PVC Casmg 

2 ' ScK 40 Wank 
PVC Casmg 

^ 

xCen te rmg 
^.^ < ^ Guides 

10-

13. 

20-

2 3 -

NTS 10-

15. 

20 

2 3 -

uwi e i_n-> 

Figure A-83 



MDNITDRING VELL GEDinGIC St CDNSTRUCTIDN LDG 
PROJECT NUMBER 

S21487.F1 

VELL NUMBER 

MW.161 SHEET DF 

PROJECT Reichhold C h e m c a l s Ine. LOCATION Tacona , VA 
•'iiiiiii-' 

11.90 ELEVATION, NGVO CTop o f Vei l Casmg) 

VATER LEVEL ELEVATION. NGVO 4.47 C12/10/96) 
DRILLING C O N T R A C T O R ' S t a e o Vei l S e r v i c e Inc. 

SURFACE ELEVATION. NGVD S.a 

START DATE 1 0 / 0 6 / 9 6 
FINISH OATE 1 0 / 0 7 / 9 6 

DRILLING METHOD B u e v r u s Er ie 2 2 - V Cable Tool - C o n t m u o u s SoUt Sooon 

0. 

SAMPLE 

s 
e 

a 

GEOLOGIC LOG fc 
USCS DESIGNATION St 

gi 

VELL CONSTRICTION 

S* Loekmg S t e e l Monunent 

78 4-3-3 

SAN'D. nedfc.e\ s o n e s d t y s a n d 
Z o n e s , g r e y t o dai -k knroen 
<SP-SM) 

67 l - l - l 

J 67 2 - 1 - 0 

10-
100 0 - 0 - 1 

SANT}. f m e t o nedlup\ t r a c e sJl t , 
d a r k g r e y t o b l ack , z o n e s o f 
a b u n d a n t s h e l l f r a g n e n t s 
p r e s e n t CSP), g r a d e s _ 
s u t l e r a t 7JJ f e e t ' ~ 

DBCANTC STLT b rown t o Wack. _ 
a b u n o a n t c a r b o n a c e o u s n a t e r i a L 
s o f t COL) 

10 — 
iCLAY-TY STLT. t i gh t b rown t o g r e y , 

—. 103 i u - 0 - 1 o r g a n i c n a t e r i a l Caood) p r e s e n t _ 
1 ' CHL), g r a d e s downward -to le 

- J I o r g a n i c s 
1 100 10-0-1 

IS 

I 

1 
100 0 - 0 - 1 

1 89 O-O-l 

— I 

- i 100 0 - 0 - 1 

100 

20- 89 2 - 3 - 5 

94 

- 1 9 4 

1 - 2 - 5 

4-4-8 

3-4-7 

2 3 -

_ | 100 14-7-10 

76 7 - 7 - 9 

100 

133 

l - l - l 

O-l 

S imla r a s a b o v e , t r a c e fme 
s a n d , i n c r e a s m g fine s a n d 
c o n t e n t 

IS-

l A i i a Fme, t r a c e sAX d a r k 
g r e y t o b l a c k CSP) 

20-

2 3 -

Cn-AYrv SILT. Ught brown, s o f t 
CML) 

L 

3 

< 

X 
T e n p o r a r y 16 ' 

S t e e l Casmg J Q ' 
8* 

•B 
L 
e 
•t* 
3 
cr 
< 
L 

a 

Sch. 40 b lank 
PVC Casmg 

V o l c l a y G r o u t 

L 
a 

I 
< 
a 

• • • 
a 

L 
a 

B e n t o n i t e Chips 

• 3 0 F i l t e r 
Sitica Sand 

•16 F U t e r 
M o n t e r e y Sand 

ScK 40 s l o t t e d 
PVC Casmg 

COmO* s l o t s ) 

Na- tura l n a t e r i a l 
Cheave) 

= i 

10-

1 5 . 

20-

C e n t e r m g 
Guides 

2 3 -
| . C e n t e r i n g 
' G u i d e s 

NTS 

Figure A - 8 4 



ESJSS 
MDNITDRING WELL GEDLDGIC Sc CDNSTRUCTIDN LDG 
PROJECT NUhBES 

S21487,F5 

VELL NUMBER 

MW-27S SHEET L 

PROJECT Reichhold Chemcals Inc. LDCATION Taeana, VA 

^ " ELEVATIOH NGVD CTop o f Veil Casinfl) 
VATER LEVEL ELEVATION, NGVD , 9-0.3 Ft , 

12.47 F t . 
( 0 5 / 5 9 / 8 7 ) 

DRILLING CONTRACTOR Hokkalde OrtUinQ fc Ceve loenent 
DRILLING METHOD ^^obUe 9-61 6 ' LP. Hollow S t e n Auaer 

SURFACE ELEVAnCH NGVD 

START DATE Qg/^LT.g?-
FINISH DATE 03/01/87 

1Q.S '"i. 

w 

• ^ 

0. 
u 
o 

SAMPLE 

> 
L 
• 
> « 
0 c 
u 
« ce 

Ul 
% 
0 

ca 

GEOLOGIC LOG fc 
USCS DESIGNATION St 

> 

VELL CONSTRUCTION 

8' D)a Steel CosmQ 
vith LoeMng Cap n 

36 4-7-3 

IOO 3-3-2 

_ 100 p-2-e 

l - l - l 

STT-TY SAND, fme , Q^^y t o b rowa 
n o i s t with s o n e s i l t C20JO CSM) -

SILTY SAND, g r a y , we t CSM) 

3 — 

_ 89 

10-

l - l - l 

1 3 — . 

20-

23-

STLTY CLAY, brown with black 
s t r e a k m g , n o i s t . t r a c e ClOX) 
o n o u n t s of o rgan i c n a t t e r . 
CLATrr SILT, l ight brown wrth 
b l ack s t r e a k w g , no i s t , ned 
p l a s t i c r t y with s o n e C20/O organic 
n a t e r i a l CML-OL) 

END BORING AT 7 J FT 

10. 

13-

20-

23-

K 
W 

3 
a 
< 
> a 
- J 
- I 
< 

a 

< 

C o n c r e t e S u r f a c e Seal j ^ 
6 ' Ola Tenp S t e e l Casmg ——V 

Bentoni te Chip* — 
Fine Sand — 

Cente rmg Guide — 

2 ' Dia Sch 40 
PVC No. 10 Stot 

•16 F i l t e r Monte rey Sand 

Center ing Guide 

— ^ 

- L ^ ̂-u 

10-

15-

20-

23-

Figure A - 8 5 



.'^5J0%Ssi.c:jes 

^ ^ m ^ ^ m s ^ ^ 
MDNITDRING VELL GEDLDGIC Sc CDNSTRUCTIDN LDG 
PRO-cCT .SUMBER 

S21487.FS 

WELL NUMBER 

MW-281 thZl CF 

'iW'' 
PROJECT Reichhold Chemca l s Inc. LOCAHON Tacona. Va 

ELEVATIO,"*, NGVD CTop o f Veil Casmg) 16.04 F-t. 
VATER LEVEL ELEVATION, NGVD 2.36 f t . C03 /28 /87 ) 
DRILUNG CONTRACTOR Hokkaido DmlllnQ fc O e v e l o n n e n t 
DRILLING METHOD <oehrtnQ S o e e d ^ t a r 71 8* Dig Cable Tool 

SURFACE ELEVATION, NGVD !4 ? r-

START DATE Q5/07/.9,7 
FINISH DATE 05/11/87 

l l . 

^ >-
a. 
u 

SAMPLE 

L 
• 
> ^ 
0 -J 
u 0 

M 

0 
3 1 

GEOLOGIC LOG fc 
USCS DESIGNATION 13 

VELL CONSTRUCTION 

8 ' Dia S t e e l Casmg 
with Locking Cap A 

44 22-20-!2 

3 3 1 0 - 6 - a 

FTLL-SANTl %. STLT. f m e - c o a r s e . 
brown and g r a y , d ry , t r a c e 
of c r a v e L L /4 ' t o L 5 ' dia. 
CSP-v»H) 
STL-!"^ SAND, fine, d r y - n o l s t . 
g r a y - b r o w n with s o n e C33J0 
s i l t CSM) 

33 2 - 1 - 5 

_ 29 3 - 4 - 7 

10 
1 100 3 - 2 - 3 

SAND, p o o r l y g r a d e d , ned—coarse ; 
g r a y , no i s t , - t r a c e o n o u n t s of 
s i l t CSP-SM) 
STLT. b lack and b r o w a no i s t , 
with l i t t l e aSXi a n o u n t s of 
o r g a n i c n a t t e r C r o o t s and wood 
chips) , o d o r o u s CML) 1°— 

UJ 

w 3 a < 
Of 
Ui 

a. 
3 

_J 67 2 -4 -21 

100 S - 1 2 - ' 

_ l 36 3 - 6 - 3 

15-
44 12-13-10 

20-

25-

44 

56 

i - 3 / i a 

3 - 5 - 3 

44 S - 6 - l ' 

a 

— a 
< 

SAND, p o o r l y g r a d e d f lne -ned . 
b l ack t o g r a y with - t r a c e o f 
r e d sond, wet , with t r a c e " ' 
ClOr.) a n o u n t s o f s i l t CSP-SM) 

20-

2 3 -

SAND, p o o r l y g r a d e d , fine, b l a c k 

u 
w 
3 a 
< 

a u z 
K 
U 

t o g r a y , wet, t r a c e ClOX) a n o u n t a 
of s i l t CSP-SM) 

1 

C o n c r e t e S u r f a c e 
Seal 

16' Dia Tenp Casmg 

Volclay G r o u t Seal 

12' Dia Tenp Casmg • • • • 
3 ' Dia Tenp Casing 

Volclay G r o u t Seal 

2 ' Dia Sch 40 PVC 
Blank Casmg 

^ fevj 

m p 
1 1 
i m 
f.1 V.-i 

Bentoni te Chips 

Fme Sond 

Center ing Guide 

»16 F i l t e r 
Monterey Sand 

2 ' Dia Sch 40 PVC 
.Mo. 10 Stot 

I 
i 

- I 

--1 
- _ - l 

I - -! 
I i -« 

15. 

2 0 ' 

2 5 -

FigureA-86 1/2 



ESJSM 
MDNITDRING WELL GEDLDGIC %. CDNSTRUCTIDN LDG 
PROJECT NUMBER 

S21487,F3 

WELL NUMBER 

MW-281 SHEET OF. 

' i i i i ; ^ 
Reichhold C h e m c a l s Inc. r»RDJECT 

ELEVATION, NGVD a o p o f Veil Casmg) 16.04 F t . 
VATER LEVEL ELEVATION. NGVD 2U36 F t . CCS/29/37) 
DRILLING CONTRACTOR Hokkaido DrUlmo fc Deve loonen t 
DRILLING METHOD 

LDCATION ' a e o n a . VA 

SURFACE ELEVAnON. NGVD 1 4 ? r-t. 
START DATE 0 5 / 0 7 / 8 7 
FINISH DATE 03/11/97 

Xoehrmn S o e e d s t a r 71 8 ' Dia Cable Tool 

u. 

a. 
u 
a 

SAMPLE j 
>« 
L 
• 
> -
0 X 

u • 
ee. 

Ul -
» 
o 

03 

GEOLOGIC LOG fc 
USCS DESIGNATION 

VELL CONSTRUCTION 

35 — 

44 

39 

7 - 7 - 6 

3 - 2 - 2 

40-

43 -

3 0 -

5 3 -

SAND, p o o r l y g r a d e d , fine, black. 
wet , with t r a c e a n o u n t s of 
sU t CSP-SM) 

STLT. g r a y , wet. s l igh t 
p i a s - t t t r t y CMO 

END BORING AT 36 FT 

3 5 -

a 
UJ< 

> : : 
- I Q 

< 

40-

43 -

30-

3 3 -

Centermg Guide 

4C-

5 3 -

MVL/". 1-87 

Figure A-86 2 / 2 



ESJSB 
MDNITDRING VELL GEDLDGIC 8. CDNSTRUCTIDN LDG 
PROJECT NUMBER 

5 2 1 4 8 7 ^ 5 

VELL NUMBER 

MW-291 SHEET CF. 

PROJECT Reichhold Chemca l s Inc. LOCAHON racona . VA 

ELEVATION, NGVD CTop o f Veil Casmg) 14.08 F t . 
VATER LEVEL ELEVATION. NGVD 2-39 Ft . C03/2a /87) 
DRILLING CONTRACTOR Hokkaido DrilimQ fc Develoonent 
DRILLING METHOD Koehrtno S o e e d s t a r 71 8* Dig Cable Tool 

SURFACE ELEVAHON. NGVD 
START DATE 0 5 / 1 2 / 8 7 
FINISH DATE 0 3 / 1 3 / 8 7 

J2^ 

^ 
u. 

— 
0. 
Ul 
LS 

SAMPLE 

L 

> /.. 
0 •; 
u 1 

.-v 

M 

Q 

S 1 

GEOLOGIC LOG fc 
USCS DESIGNATION 

o 
3 

> 
X 

VELL CONSTRUCTION 

8* Dia S t e e l Casmg 
vrth Loekmg Cap 

. ^ 

• - iy j i i j . -

10-

44 4-7-61 

44 S-3-6i 

22 I 1/ia 

STLTY SAND, fine, g r a y - b r o w n wtth 
Iron s t a m e d I n t e r b e d d e d l e n s e s —i 
of s a n e , n o i s t with l i t t l e C20/O 
a n o u n t s of s i l t CSM) 

- I 78 l - l - l 

STLT. b l a c k - b r o w n , dry , with 
t r a c e o rgan i c n a t t e r C r o o t s ) 
CMU 
SILL Qr'o.y, no i s t , with s o n e 

78 
iC35/J) fme sand CSM) 

2-5-31 

I I STLT. g r a y with I n t e r b e d d e d ^^' 
ICO I 2 / i a j 1'"°" s t a i n e d t e n s e s of s a n e , 

no i s t , s l i g h t p l a s t i a t y , t r a c e 

15. 

20-

23 -

i o rgan ic ' n a t e r i a l C r o o t s ) CML) 
78 I 1-1-1 

100 

100 

100 

l - l - l 

3 /18 

0/18 

13-

100 

100 

1-3-3 

3 -2 -6 i 

100 1-1-3 

ZILl . b r c w r . a e t , sl . 'cht 
p l a s t i c r t y CML) 
Sl̂ ND il SILT, FTne. b lack wtth 

20-

t r a c e o f r e d sand , wet, 
CML and SM) 

STLTY SAND, fine, g r a y , wet CSM) 

2 3 -

T r a c e a n o u n t s o f shel l 
f r a g . - i e n t s . 

U 
w 3 
CJ < 

U 
a. 
Q . 

a 
IX 
< 

3 
a 
< 

UJ 

a u u. 
3 
C3 < 

a 
Ul 
r 
oe 
Ul 

C o n c r e t e Sur- face 
Seal 

16 ' Dia Tenp Cosing 

8* Dia Tenp Casmg 

Volclay G r o u t Seal 

2 ' Dia Sch 40 PVC 
Blank Casing 

Benton i te Chips 

Fine Sand 

Volclay G r o u t Seal ^ 0 ^ . 

12' Dia Tenp Casmg fcT»*-:-j 

i 
:.1 

Si 

a 

10 

15-

20-

2 3 ' 

Figure A - 3 7 1/2 



Essm 
MDNITDRING WELL GEDLDGIC Sc CDNSTRUCTIDN LDG 
PROJECT NUMBER 

5 2 1 4 8 7 ^ 5 

VELL NUMBER 

MW-291 SHEE" DF. 

Reichhold Chemca l s Ine. PROJECT 

ELEVATIOH NGVD CTop o f V e i l C a s m g ) 14.08 F t . 

VATER L E V E L ELEVATION, NGVD 5-08 P"' 

DRILLING CONTRACTOR H o k k a i d o DrtUlnQ fc D e v e l o o n e n t 

LOCATION T a c o n a . VA 

C05/29/a7) 
SURFACE ELEVAHON, NGVD 
START DATE QS/ tg /97 
FINISH DATE 05 /13 /87 

12.3. 

DRILLING METHOD KToehrtna S o e e d s t a r 71 8 ' Dia Cable Tool 

u. 

a. u a 

SAMPLE 

> 
L 
• 
1 % 
U 
• K 

Wl 

0 
S3 

GEOLOGIC LOG fc 
USCS DESIGNATION 13 

a . 

a- ) 
> 

VELL CONSTRUCTION 

3 5 -

44 0/18 

40-

44 l - l - l 

44 

45-

50-

55-

0/18 

STLTY SANH fme, g r a y , s a t u r a t e d -
with s o n e C33JO f m e s CSM) 

3 3 — 

SAND, fine, g r a y , s a t u r a t e s 
with U t t i e C15/0 f ines CSM) 

S^-T. g r a y with l igh t brown 

ae u u. 

< 

u 

a 
UJ r 
at 
u 
z 

n o t t l i n g and o rgan i c n a t t e r 
C g r a s s e s ) , no i s t , sUght- low 
p l a s t i c i t y , s o f t CMD 43 . 

END SORING AT 40 FT 

4 5 . 

30-

5 3 -

^3 < 

Centermg Guide 

Dia Sch 40 PVC 
No. 10 S l o t 

•16 FUte r 
Monterey Sand 

Centermg Guide 

L.~3 

- —. 
— _ 4 

40-

45-

50-

5 5 -

MVLr, 1 -97 

Figure A - 8 7 2 / 2 



r:^?f7isrm 
MDNITDRING VELL GEDLDGIC ?« CDNSTRUCTIDN LDG 
PROJECT NUMBER 

S 2 1 4 a 7 . F 5 

VELL NUMBER 

MW-301 SHEET 

•'JiiSii^' 

R e i c h h o l d C h e m c a l s I n c . PROJECT 

ELEVATION, NGVD CTop o f V e i l C a s i n g ) 13.66 F t . 

VATER L E V E L ELEVATION, NGVD 2 . 5 8 F t . C D 5 / 2 8 / 3 7 ) 

DRILLING CONTRACTOR H o k k a i d o Dri l l ing fc D e v e l o p n w n t 
DRILLING METHOD 

LOCATION T a e o n o . VA 

SURFACE ELEVATION, NGVD 

START DATE n * / 1 4 / q 7 

FINISH DATE 0 S / ^ S / 9 7 

i ? n "-> 

Koehrmo S o e e d s t a r 71 9 ' Dia Cablw Tool 

u. 

SAMPLE 
X 
L 
t l 
> /. 
0 5 
u 
.T 

I 

l/l 

» 
0 
z ' 

GEOLOGIC LOG fc 
USCS DESIGNATION 

a -3 

VELL CONSTRUCTION 

9^ Dia Steel Casmg 
with LoekmQ Cap 

STLTY SAND. Fine, g r a y - b r o w n wi th i 

4 4 

17 

I m t e r t a e d o e d o x i d i z e d l e n s e s o f _l 
6 - 6 - 7 ] s a n e , d r y . s o n e C30;*.) f i n e s CSM) ~1 

! STLTY SAND, f i n e , t r a n s i t i o n t o _ 
g r a y , s o n e C30JO F m e s CSM) 

2/12-1/161 
'SAND %. STL 

1 5 6 

I n t e r b e d d e d l e n s e s , 
3 ' t h i e k , Fme sand. J 

J 100 

of e a c h 
6-4-31 g r a y wtth 2fT/. f ines , SILT, b r o i 

J .with b l a c k n o t t l m ^ wet, s l igh t 
p l a s t i c r t y CSM and ML) 

l - l - l STLT. g r a y with b l a c k organ ic 
n e t t l i n g , nols-t, s l i g h t p l a s t i c r ty , 
PEAT l e n s e . L / 2 ' t h i c k a t 8', 

10-
I I b l a c k - b r o w n CML) 

1C3 : 2 - l / i a SAND \ STLT. m t e r b e d d e d len 
•of e a c h t o 5 ' t h i ck . SAND, is 
fine, g r a y , n o i s t SILT, g r a y . 

100 1/ia 

I 

n o i s t , s l i g h t p l a s t i c r t y , 10^ 
organl tzs CSH-ML) 

_ 100 2 - 2 - 9 1 SAND, p o o r l y g r a d e d , fme, g r a y 

1 S7 
1 5 . 

3 - 5 - 9 

with t r a c e of r e d sand, 
s a t u r a t e d , t r a c e ClOJO f ines 
CSP-SM) 

15-

78 3 - 3 - 1 2 
I n c r e a s i n g n e d s a n d C33X) 

20-

-1 

2 0 -

1 4 4 »-J7-2D 

J 
2 5 

D e c r e a s m g n e d s o n d C20/3 

25' 

4 4 6 - 7 - a i 

J 67 

SIL'''. browri, »»-t, with t r a c e 

l - l - l 
a n o u n t s o f wood chips CML) 

tND 3CRING AT 29.5 FT 

QC 

3 
a 
< 
a 
u s. 
Q. 
3 

a 
a: < 
3 
a 
< 
ac 
u 
a. 
a. 
3 

IT 
U 
U. 
3 
a 
< 

a 
UJ z 
QC 
UJ 

Z 

5 
3 

Cone : ' e t e Sur-face 
Seal 

16* Dia Tenp Casmg 

Volclay G r o u t Seal 

12 ' Dia Tenp Casmg 

8* Dia Tenp Casmg 

Volclay G r o u t Seal 

2 ' Dia Sch 40 PVC 
Blank Casmg 

Ben ton i t e Chips 

Fine Sand 

C e n t e r m g Guide 

•15 F a t e r 
Mon te rey Sand 

2 ' Dia Sch 40 PVC 
No. 10 S lo t 

C e n t e r m g Guide 

Bentoni te O-upc 

î 
ivs~i 

N n 

2 5 
1 

-J 

Figure A-88 



ESJsa 
MDNITDRING VELL GEDLDGIC I CDNSTRUCTIDN LDGi 
PROJECT NUMBER 

S 2 1 4 a 7 . F 5 

VELL NUMBER 

MW-32S %>^z.z-. C F . 

-fiiiijsi'' PROJECT R e i c h h o l d C h e m c a l s I n e . LOCATION Tace .nc . VA 

12.17 F t . 

(05/29/37) 
ELEVATION, NGVD CTop o f Ve i l C a s i n g ) 

VATER L E V E L ELEVATION, NGVO 6-29 F t . 

DRILLING CONTRACTOR H o k k a i d o Drilling fc D e v e l o o n e n t 

DRILLING METHOD 

.SURFACE ELEVATION, NGVD 10.7 

START DATE 0 5 / 2 3 / 8 7 

FINISH DATE 0 3 / 2 8 / 8 7 
Mobile 3 - 6 1 6 ' LP. HoUow S t e n A u c e r 

3 . 
Ul 
Q 

SAMPLE i 

>. 1 
L 
t l 
> ,» 
0 2: 
u 
Ol 
a: 

Ul 
* 
0 

=3 

GEOLOGIC LDG fc 
USCS DESIGNATa:N c 

c , 

a — >-

VELL CONSTRUCTION 

8* Dia S t e e l C a s m g ___J(——j 
wrth L o e k m g C a p i | t 

C o n c j - e t e S u r f a c e S e a l j ^ Ko 
6 ' Dia T e n p S t e e l C a s m g M |N 

B e n t o n i t e C h i p s r I L J 
F m e S a n d ^ \2. 

C e n t e r m g Guide *-• >-^ 

2* Dia S c h 40 
PVC No. 10 S l o t 

• 1 6 F i l t e r M o n t e r e y S a n d 

J 33 0-3-

89 j 2 - 3 -

SH-TY SAND, p o o r l y g r a d e d , f m e , 
'13i g r a y , d r y — n o i s X l o o s e , w i th 

4 2 5 ^ f i n e s , s o n e o x l o l z e d l e n s e s 
o f s a n e b e t w e e n 3 - 4 J f t . CSM) 

31 

50 2 - 2 - 2 1 
I j 
j I ST'- T >. g.^ND. i n t e r b e d d e d l e n s » s 

56 | l - 3 - 2 [ o f e a c h 3 - 5 ' t h i c k n e s s , g r a y , " | 
' n o i s t , .-ned f l m , 2 ' t h i c k n e s s woodi 

ICO l - l - l 

:o-

1 5 . 

20-

\ZJ. o r g a n i c n a t t e r , 
STL"!", l i g h t b r o w n wi th b l a c k 
o r g a n i c n o t t l i n g , n o i s t , n e d f l r n , 
s l i g h t p l a s t i a t y CML) 

END BORING AT 9.0 10-

25 

1 
J 
I 

n 

1 5 . 

20-

2 5 -

QC 
UJ 

u. 
3 
< 
•> 
C 
_l 
- I < 

i ! i c h i o t e n s e a t 5 .75 f t . CSM) i 
_ ! 100 1 2 - 2 - 2 1 V a t e r b e a r m g a t 6 . 5 - 6 . 7 5 f t . J 

I 1 ' STL 7. b l a c k , d r y , v e r y f l r n wi th >_ 
4 ' t h i c k CMD 1 

a 

- l a 
< 

! , 

C e n t e r m g Guide 1 

Figure A - 8 9 



MDNITDRING VELL GEDLDGIC I CDNSTRUCTIDN LDG 
PROJECT NUMBER 

S214a7.F5 

VELL NUMBER 

MW-33S SHEET L__ OF _ L 

2^m^ 
Reichhold C h e m c a l s Ine. PROJECT 

ELEVATION, NGVD CTop o f Veil Casmg) 1L96 Ft. ' 

VATER LEVEL ELEVATION, • NGVD S J 2 F t . 
DRILLING CONTRACTOR Hokkaido Drtmng fc Deve loonent 
DRILLING METHOD 

LOCATION Tacona. VA 

C05/28/87) 
SURFACE ELEVATION, NGVD 
START DATE 0 5 / 2 8 / ? 7 
FINISH OATE 0Sy^8 /97 

10^ ^t. 

MobUe B--61 6* LP. HoUow Sten Auger 

u. 
X 

SAHPLE 

L 
b 
> /» 
0 "* 

0 

GEOLOGIC LOG fc 
u s e s DESIGNATION 

u 
3 

a J 

VELL CONSTRUCTION 

8 ' Oia S t e e l Casmg 
e r th Lockmo Cap 

3 3 

7 8 

21L±0 Ught browa dry , loose, 
2 - 6 - 7 Ut^ l* Fme sond CSM3 

SM£l2t flray-brown, d ry , loose . 
j s o n e f m e s CSM) 

^-3-^1 SAND, p o o r l y g r a d e d fme sand. 
I g r a y with oxidized l e n s e s of sane i 
d r y e r t h 20% f ines CSM) 
I n t e r b e d t i e d SAND fc SILT l e n s e s 
t o 3 ' t h i c k n e s s . V a t e r bearmg." 

l - l - l 

6 p - 3 - 3 

67 1-1-1 

J 28 2 - 2 - 4 

10-

15-

20-

2 5 -

ac 
UJ 
w 
3 
a < 
> 
a 

5 — 1 S 

SANTI p o o r l y g r a d e d , fine, black—"") 
g r a y with - t r a c e of r e d sand and! 
she l l f r a g n e n t s . wet <10X fmes 
CSP-SM) 
S/LT. l lgnt brown, wet. s o f t , 
s i l g n t p l a s t i c i t y -transit ion t o 
b lack , d ry , d e n s e , <JC^ oroa.-uc 
n a t t e r CHL) 

T 
brown with b lack organic 

n o t t l i n g d r y - n o i s X Flrn CML) ^0 

END BORING AT 9.3 FT 

a 

— u < 

< 

C o n c r e t e S t j r foce Seal 
6 ' Ola Tenp S t e e l Casmg 

Bentoni te Chips 
Fme Sand 

Cen te rmg Guide 

2 ' Dia Sch 40 
PVC No. 10 S lo t 

•16 FUte r Monterey Sond 

Cen te rmg Guide 

15-

20-

2 5 -

IC-

20-

25 

Figure A-90 



MDNITDRING VELL GEDLDGIC i CDNSTRUCTIDN LDG 
P.90JECT NUMBER 

5 2 1 4 8 7 ^ 5 

VELL NUMBER 

MW-361 SHEET — 1 OF _ L . 

Reichhold Chemcals Inc. •'iiiaSi' PROJECT 

ELEVATION, NGVD CTop o f Veil Casmg) 
LOCATION Tacona. VA 

11.75 F-" 
2.J9 F-i CD6/2a/37) VATER LTVEL ELEVATION. NGVD 

DRILLING CONTRACTOR Hokkaido PnltlnQ fc Deve loonen t 
DRILLING METHOD <oehrmt ; S e e e d s t a r 71 8 ' Dig Cable Toot 

SURFACE ELEVATION, NGVD 
START DATE n ^ / m / 9 7 
FINISH DATE 0 6 / 0 2 / 8 7 

iq.3 

u. 

— h-
0. 
u; a 

SAMPLE 

L 
• 
> -. 0 S 
U 
• QC 

W 
> 0 

aa 

GEOLOGIC LOG fc 
USCS DESIGNATION D , 

a - J 

VELL CONSTRUCTION 

8* Dia S t e e l Casmg 
with Loekmg Cop 

'.AT. d a r k brawn t o black, n e d 

1 100 1/18 

10 

J 
J 

f i rn CPT) 
STLT. l ight brown with b l ack 
CM-ganic not t l ing , wet, s o f t , low 
p l a s t i c i t y COL) 

10-

100 

J 

_ IDC 

20-

23-

STL T. l ight g r a y with block 
2_2_pJ o r g a n i c no t t tmg , - t r ace a n o u n t s 

" i o f wood Chios, sc-F-t, s l igh t 
p l a s t i c i t y CML) G r a d e s t o 
Sil ty Sand a t 11 f t . CSM) 

STL TV SAND, g r a y , wet, s o f t 15 

2-2 -3 

100 1-1-2 

_ 100 1 -2 -4 

CSM) 

SANDY STL"̂ . fine sand with 
s o n e C2S>'.) ned sand and 
23% s i l t CSM) 20-

Sone, beconing nore dense 

23-

_, 89 

SILL b r o w n - g r a y , wet, s o f t CML)— 

2 - ^ - 9 SILTY SAsn. fine, d a r k g r a y wlth-
t r a c e r e d sand, ned Flrn. 
s a t u r a t e d . 15'/. flnws CSM) 

QC 
UJ 

3 
Cl < 

a 
.J 
- I < 

a 
ae. 
< 
I -

3 
a 
< 
ae. 
u 
a. 
a. 
3 

C o n c r e t e Sur-Foce 
Seal 

16 ' Dia Tenp Casmg 

Volclay G r o u t Seal S^vi-it 

12* Dia Tenp Casmg ^ 7 - ^ A 

Volclay G r o u t Seal 

2 ' Dia Sch 40 PVC 
Blank Casmg 

8 ' Dia Tenp Casmg 

Ben ton i t e Chips 

Fme Sond 

Center ing Guide 

»16 F i l t e r 
Monte rey Sand 

2 ' Dia Sch ••O PVC 
No. 10 Slot 

t^^TVV^ 

i 

I 

n 

I 
V.-.-. 

1 
m 
I 

m 

:v3 

N 

a 

m 

10-

20-

23 ' 

XVLF, 1 -3 -

Figure A - 9 1 1/2 



E2C3S2i 
MDNITDRING WELL GEDLDGIC Sc CDNSTRUCTIDN LDG 
PROJECT NUMBER 

S214a7.F3 

VELL NUMBER 

MW-361 SHEET OF. 

W 
Reichhold Chemca l s I n c PROJECT 

ELEVATION. NGVD CTop o f Veil Casing) 1L75 F t . 

VATER LEVEL ELEVATION. NGVO 2-^9 F t . 
DRILLING CONTRACTOR Hokkaido Drntmo fc Deve loonen t 
DRILLING METHOD 

LOCAHON Tacona, Va 

C06 /28 /87 ) 
SURFACE ELEVAHON, NGVD 10,3 F-t. 
START DATE 06 /01 /87 
FINISH DATE 0 6 / 0 2 / 8 7 

(Coehrmo S o e e d s t a r 71 8* Dia Cable Tool 

a. u 

SAMPLE 
>• 
L 

u - » 
O 

a 

GEOLOGIC LOG fc 
u s e s DESIGNATION 13 

St 
§ 2 

> 

VELL CONSTRUCTION 

- 100 4 - 5 - 3 

_ IDD 

3 3 -

4 0 . 

1-3-3 

4 3 . 

30-

5 3 -

T r a c e a n o u n t s o^ shel l 
f r a g n e n t s 

STLT. d r y , d a r k browrv d e n s e CMLlJ § 
PEAT. Ught browrt dense CPT) 
STLT. brown t o g r a y , s o f t , no t s t , _ 
n e o p l a s t i c r t y CMH) 

END BORING AT 34,5 FT ^ — 

40-

a 

0 3 
-s.a 

< 

4 3 -

30-

5 3 -

C e n t e r m g Guide 

33-

4C 

i 

45-

55-

« V L F . 1 - « 7 

Figure A - 9 1 2 / 2 



MDNITDRING VELL GEDLDGIC S. CDNSTRUCTIDN LDG 
PROJECT NUMBER 

S214a7J^5 

VELL NUMBER 

MW-391 SHEET 

PROJECT Reichhold C h e m c a l s Inc. LOCAHON Tacona. VA 

ELEVAHQN. NGVD CTop of Veil Cosing) 11.23 F t . 
VATER LEVEL ELEVATION, NGVD 2 J 5 F t . C06/28/87) 
DRILLING CONTRACTOR Hokkaido Dr^lma fc Deve loonent 
DRILLING METHOD Koe^r-ma S o e e d s t a r 71 9* Dig Cable Tool 

SURFACE ELEVAHDN, NGVD 
START DATE 0<S/16/97 
FINISH DATE 06 /17 /87 

1L7 n . 

u. 

a. 
Ul 
a 

SAMPLE 

L 

0 8 
u 
ac 

IA 

GEOLOGIC LOG fc 
USCS DESICNATICN 

FTLL PRAVF!-, r o u n d e d and 
o ~ u s h e d t o 5* dia. 

SAND, p o o r l y g r a d e d , ned with 
20:: fme. g r a y , n o i s t , <1KC 
f m e s CSP-SM) 

1 
67 9-20-121 

50 

SANp. b l a c k t o browrv well 5 
g r a a e d , wet, <lQyJ fmes CSV-SH) 

i££V£, b l a c k - o r o e a dry , s t i f f CPT) 

J 100 
I 

I SILT. l»«ht browTv with black 
Qyta o r g a n i c n o t t u n ^ s o f t , s u c h t 

*° I p l a s t i g - t y , CIKC o r g a m c n a t e r i a l 
• CML) 

S2J 0 / i a 

10-

_! 89 

or 
fc Pg.AT. m t e r b e d d e d l e n s e s 

e a c h L / 4 ' - 6 ' t h i c k n e s s , SUt, 
l ight br-own with b lack orgoni;^ 
n o t t l m g , f i b r o u s , s o f t , s l i g h t - " 

_ . _ p p l a s t i c i t y CML-QL) P e a t , b lack 
I t o brown, d r y , s t i f f CPT) 

— 94 

13. 

1-1/12; 

7 8 
I STL TY SAND, fme, g r a y , no i s t , 

2_2-i |<207. f i nes CSM) 

u 

-J 78 . e - ^ 

13-

20- 100 

23-
67 

1-2-5 

3-3-3 

Trace of red sand CSM) 
20-

J 50 1-2-3 

I n c r e a s m g n e d s o n d 20'A, w a t e r 
b e a r m g 

2 3 -

Sf^NP. p o o r l y g r a d e d , wet, t oose , 
<S"/. finws CS?) 

W 
u. 
a 
< 
> 
a 
-1 
J < 

a 
X < 
—. 
3 
O 
< 
Q: 
u 
0. 
0. 
3 

K 
Ui 
U. 
3 
a < 

a 
Ul 
z 
oe 
u 

VELL CONSTRUCTION 

9* Dia S t e e l Casmg 
wrth Loekmg Cap 

C o n c r e t e S u r f a c e 
Sea l 

16 ' Dia Tenp Casmg 
Volclay G r o u t Seal 

12' Dia T e i ^ Casmg 

V o l d a y G r o u t Seal 

2 ' Dia Sch 40 PVC 
BloLnk Casmg 

8 ' Dia Tenp Cosing 

Bentonr te Chips 

Fme Sand 

C e n t e r m g Guide 

•16 F i l t e r 
Mon te rey Sand 

2 ' Dia Sch 40 PVC 
No. 10 S lo t 

Cen te rmg Guide 

M e t e r Sox fc U d 

m 

s 
15-

FigureA-92 1/2 



MDNITDRING VELL GEDLDGIC Sc CDNSTRUCTIDN LDG 
PROJECT NUMBER 

S21487J^3 

VELL NUMBER 

MW-391 SHEET 0 F _ 2 . 

' ' ^ 

PROJECT Reichhold C h e m c a l s I n c LOCAHON Tacona . VA 

1L23 F t . 
C06/28/37) 

ELEVAHDN, NGVD CTop o f Veil Cosmg) _ 

VATER LEVEL ELEVATION. NGVD 2-^5 ^ 
DRILLING CONTRAtrrOR Hokkalde Pmimo fc Deve loonen t 
DRILLING METHOD Keehrma S o e e d s t a r 71 8 ' Dia Cab l . Tool 

SURFACE ELEVATION. NGVD 
START OATE 0 6 / 1 6 / 9 7 
FIWSH DATE 0 6 / 1 7 / 8 7 

JLL-LJ 

••* 
U . 

y 

SAMPLE 

h 
m 

ie 

i 

n^ 

40 

43 

30 

— 

5 3 -

_ 

-

-

— 

10' 

1 2 ' 

M 

_0 

l / \ 2 ' l 

1-2-4 

GEOLOGIC LOG fc 
USCS DESIGHAHDN 

SILTY, SAKD. Of-ay. we t . s o f t w t th" 
c r o c fXn*% CSM) 
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APPENDIX B 
DATA VALIDATION REPORTS 

This appendix presents data validation reports for chemical analysis of 
soil and groundwater samples collected during Phase I and Phase n of 
our Blair Backup property field investigations (December 1989 through 
March 1990 and August 1990 through April 1991, respectively). This 
work was conducted as part of the Draft Final Investigation report 
compiled for the Blair Backup property located in the Port of Tacoma, 
Washington. The review of the Laboratory Data Reports was 
performed in general accordance with Laboratory Data Validation 
Functional Guidelines (EPA, 1988a and 1988b), as appropriate. 
Laboratory in-house control liinits were used to evaluate duplicate 
results as well as surrogate and matrix spike recoveries. 

This appendix is organized into two main sections detailing the two 
phases of investigation. The first section presents our review of the 
Phase I soil and water quality data. The second section discusses our 
review of the Phase II soil and water quality data. Two attachments, 
B-1 and B-2, presented at the end of this appendix are laboratory data 
validation reports prepared by Laucks Testing Laboratories, Inc. for soil 
and surface water data, and groundwater data, respectively. 

PHASE I DATA VALIDATION REPORT 

Hii^ 

In order to assess the validity of the analytical laboratory testing results, 
soil and water quality data generated during Phase I were evaluated 
using EPA data validation criteria (EPA, 1988a and 1988b). This 
review included evaluating laboratory and field quality control data 
including sample holding times, method and field blank results, 
surrogate and matrix spike recoveries, and duplicate relative percent 
differences. 

Laucks Testing Laboratories, Inc. (Laucks) evaluated the soil and water 
quality analytical results based on laboratory quality control data. 
Summaries of the Laucks data quality evaluations for soil and water 
samples are presented in Attachments B-1 and B-2 at the end of this 
appendix. A Hart Crowser environmental chemist reviewed the Laucks 
data quality evaluations and the field quality control results. Based on 
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this review, soil and water quality data were qualified according to EPA 
data validation criteria. A summary of qualified data is presented 
below. 

SoU Quality Data 

Analytical Methods and Reporting Units 

A total of 64 soil samples and were analyzed for various organic and/or 
inorganic analyses. A detailed summary of soil analyses performed on 
Phase I samples is presented in Table 1 located in Volume L Samples 
were analyzed by Analytical Technologies, Inc (ATI), Friedman and 
Bruya, Inc. (FBI), and Laucks Testing Laboratories, Inc. (Laucks). 

Results were reported on a dry weight basis. Organic concentrations 
were generally reported using micrograms per kilogram (/tg/kg) or ppb 
units. Inorganics data were reported using milligrams per kilogram 
(mg/kg) or ppm units. 

Sample Collection and Handling 

Samples collection methods are described in Appendix A. Samples 
were collected in clean glass bottles (with teflon-lined caps) supplied by 
the analytical laboratories. Samples were collected in a manner to limit 
headspace in the bottles. 

Upon collection of each sample, the sample number, date, time, and 
sampling persormel initials were recorded on the label of each 
container. Samples were stored in insulated coolers packed with "blue 
ice" and maintained in Hart Crowser's custody until samples were 
delivered to the laboratories. 

Data Qualifications 

> Acetone and bis(2-ethylhexyl)phthalate were detected in method 
and/or field blanks assodated with the surface and subsurface soil 
samples. Both of these compounds are common laboratory 
contaminants (EPA, 1988a). Reported acetone and bis(2-
ethylhexyl)phthalate soil concentrations which were below 10 times 
the method blank concentrations were qualified a not detected (U). 
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• GC-FID screening analysis detected hydrocarbons in the method '^^' 
blank associated with soil samples collected from borings installed on 
East-West Road and Taylor Way properties (TW-1 through TW-5). 
Reported GC-FID screening concentrations which were below 5 
times the method blank concentration were qualified as not detected 
(U). 

• Chlorinated pesticide and PCB data for sample TP-114/S-1 were^ 
qualified as estimated (J) due to poor stirrogate recovery. 

• Organophosphoms pesticide data for sample HC-5/S-2 were 
qualified as estimated (J) due to poor surrogate recovery. 

• All soil herbicide results were qualified as unusable due to poor 
surrogate recoveries and holding time exceedences. Samples were 
reanalyzed by Laucks and were also qualified as unusable based on 
poor surrogate recoveries and holding time exceedences. 

• Volatile organic results reported for sample TP-124/S-1 were 
qualified as estimated (J) due to surrogate recoveries above the 
acceptable control limits. 

• Total arsemc results reported for soil samples collected fi-om test 
pits TP-115 through TP-119, and TP-124 on the Blair Backup 
property as well as samples collected from test pits (TP-1 through 
TP-10) installed on the East-West Road and Taylor Way properties 
were qualified as estimated (J) due to low matrix spike recoveries. 

• EP Tox copper, lead, chromium, zinc, and arsenic results were 
flagged as estimated (J) based on high matrix spike recoveries or 
exceedence of RPD control limit (lead). 

• Soil samples analyzed for cyanide exceeded the 14-day holding time 
and were qualified as estimated (J). 

• Field sampling equipment blanks indicate decontamination 
procedures were effective. 

• Soil sample duplicate results are presented in Table C-13. RPDs 
generally indicate the overall precision of the data was adequate. 
Nickel and lead results reported in samples SS-2 and SS-17 are 
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inconsistent, indicating that the surface sample may not have been 
homogeneous. 

Surface Water QuaUty Data 

Analytical Methods and Reporting Units 

A total of 3 surface water samples were analyzed for total metals. One 
sample collected from the Pennwalt Ag-Chem Ditch was also analyzed 
for GC-FID screening (modified EPA method 8015) and chlorinated 
herbicides (EPA Method 8150). Samples were analyzed by Laucks. 

Results are reported using micrograms per liter (/tg/L) or ppb units. 

Sample Collection and Handling 

Sample collection methods are described in Appendix A. Samples were 
collected in clean containers supplied by the laboratory. Preservatives 
were added by the laboratory to volatile organic, hardness, hydrogen 
sulfide, and dissolved metal sample bottles. Bottles filled for volatile 
organic analysis were filled slowly and were devoid of headspace. 
Dissolved metal samples were filtered in the field using in-line 0.45 
micron filters. 

Upon collection of each sample, the sample number, preservative, date, 
time, and sampling personnel initials were recorded on the label of each 
container. Samples were stored in insulated coolers packed with 'Tjlue 
ice". Hart Crowser maintained custody of the samples imtil delivery to 
the analytical laboratories. 

Data Qualifications 

*• Total suspended and dissolved solids results were qualified as 
estimated (J) due to exceedence of the 7-day holding time criterion. 

• Reported antimony and thallium concentrations were flagged as 
estimated (J) based on low matrix spike recoveries and exceedence 
of RPD control limit. 
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Groundwater Quality Data 

Analytical Methods 

'•^m 

Thirty-three groimdwater samples plus additional quality control 
samples were analyzed by Laucks Testing Laboratory for selected 
organic and inorganic parameters listed in Table 3 in the main body of 
the text. Formaldehyde analysis using the draft RCRA method 8315 
and hexavalent chromium testing were performed by ATL Arsenic 
speciation analysis was performed by Battelle Pacific Northwest 
Laboratory. 

Organic compound and trace metal analytical results were quantitated 
using micrograms per liter (fig/L) or ppb units. AD other parameters 
were reported using milligrams per liter (mg/L) or ppm units. 

Sample Handling 

Samples collection methods are described in Appendix A. Samples 
were collected in clean containers supplied by the analytical 
laboratories. Preservatives were added by the laboratory to volatile 
organic, hardness, hydrogen sulfide, and dissolved metal sample bottles. 
Bottles filled for volatile organic analysis were fiDed slowly and were 
devoid of headspace. Dissolved metal samples were filtered in the field 
using in-line 0.45 micron filters. 

Upon collection of each sample, the sample number, preservative, date, 
time, and sampling personnel initials were recorded on the label of each 
container. Samples were stored in insulated coolers packed with "blue 
ice". Hart Crowser maintained custody of the samples until delivery to 
the analjftical laboratories. 

Dota QwfjfkatJQTfs 

• Bis(2-ethylhejcyl)phthalate was detected in a laboratory method 
blank associated with nine groimdwater samples collected on the 
Blair Backup property. Reported bis(2-ethylhexyl)phthalate 
concentrations in these samples which were below 10 times the 
method blank concentrations were qualified as not detected (U). 
Detected bis(2-ethylhe)cyl)phthalate concentrations in the remaining 
groundwater samples collected on the Blair Backup property were 
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below 10 times the maximum trip blank concentration and were 
flagged as estimated (J). 

• Acetone was detected in 3 of the 9 trip blanks associated with the 
groimdwater samples but was not detected in any laboratory water 
method blanks. Detected acetone concentrations in groundwater 
samples collected at the Blair Backup property were below 10 times 
the maximum trip blank concentration and were qualified as 
estimated (J). 

• Detected formaldehyde concentrations are flagged as tentatively 
identified (X). Water samples caimot be analyzed for formaldehyde 
using conventional EPA methods. The formaldehyde analysis 
performed in this study (Hantzsch Reaction) may be affected by the 
turbidity of the samples as well as the presence of other constituents 
in the water samples and cannot positively identify the presence of 
formaldehyde without a second confirmation analysis. 
Unfortunately, other methods used to detect formaldehyde that we 
have evaluated (including the NIOSH chronotropic acid procedure) 
are also subject to matrix interferences and misidentification of 
formaldehyde. We will continue to evaluate altemative analytical 
methods, including an HPLC procedure, that can confirm the 
presence of formaldehyde in groundwater. 

• Nickel, cadmium, and chromiimi results in samples HC-5S, HC-7S, 
HC-8S, HC-6S, HC-61, HC-IOI, and HC-IOS were qualified as 
estimated (J) due to low matrix spike recoveries. All reported 
antimony and thallium results were flagged as estimated based on 
matrix spike recoveries and RPDs being outside of control liinits. 
Lead was qualified as estimated in sample HC-4S due to RPD 
exceeding the control limiL 

• Surrogate recoveries for acid and base/neutral extractable 
compounds were outside control limits in six samples. Non-detected 
acid ejrtractable results were qualified as unusable (R) in samples 
HC-2S, HC-16S, EPA-7S, and TW-2S. Non-detected base/neuti^ 
ejctractable results were flagged as unusable in samples HC-IS, 
HC-2S, and HC-13S. Detected values in these samples were 
qualified as estimated (J). 
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• Pesticide and PCB results reported for sample HC-5S are qualified 
as estimated (J) due to low surrogate recoveries. 

>• Field sampling equipment blank results indicate decontamination 
procedures were effective. 

• Groimdwater sample replicate results are presented in Table C-14. 
RPDs generally indicate the overall precision of the data was 
adequate. 

PHASE n DATA VALIDATION REPORT 

Soil Quality Data 

Analytical Methods and Reporting Units 

A total of 46 soil samples and 11 sediment samples were analyzed for 
various organic and/or inorganic analyses. A detailed summary of soil 
analyses performed on Phase II samples is presented in Table 2 located 
in the main body of the text. Samples were analyzed by Analytical 
Technologies, Inc. (ATI), Friedman and Bruya, Inc. (FBI), and Laucks 
Testi-g Laboratories, Inc. (Laucks). 

Results were reported on a dry weight basis. Organic concentrations 
were generally reported using micrograms per kilogram (/tg/kg) or ppb 
units. Inorganics data were reported using milligrams per kilogram 
(mg/kg) or ppm units. 

Sample Collection and Handling 

Samples collection methods are described in Appendix A. Samples 
were collected in clean glass botties (with teflon-lined caps) supplied by 
the analytical laboratories. Samples were collected in a marmer to limit 
headspace in the botties. 

Upon collection of each sample, the sample number, date, time, and 
sampling personnel initials were recorded on the label of each 
container. Samples were stored in insulated coolers packed with "blue 
ice" and maintained in Hart Crowser's custody until samples were 
delivered to the laboratories. 
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There are no established holding time requirements for soils and 
sediment samples. EPA Data Validation Guidelines suggest using water 
holding time requirements established under 40 CFR 136 (Qean Water 
Act) when evaluating sediment data. ID the quality assurance plan 
associated with this work (Hart Crowser, 1989c), we established a 14-
day holding time criteria for volatile analysis, 14 days for extraction of 
semivolatiles, 28 days for mercury analysis, and 6 months for other ' 
metals. Seimples exceeding these holding time criteria were flagged as 
estimated (J). Exceedences of holding times are summarized below by 
analyses: 

• SemivolatUe Organics (EPA method 8270). HC-9S/S-3, HC-22S/S-1, 
ODS-A, ODS-B, ODS-103A, and ODS-103B 

• PCBs (EPA method 8080). PDS-A, PDS-B, PDS-C, and PDS-104-D 

• Organophosphorus Pesticides (EPA method 8140). PDS-A, PDS-B, 
PDS-C, and PDS-104-D 

• Chlorinated Herbicides (EPA method 8150). PDS-A, PDS-B, 
PDS-C, and PDS-104-D 

• Total Petroleum Hydrocarbons (EPA method 418.1). All 10 samples 
analyzed 

• Total Petroleum Hydrocarbons (modified EPA method 8015). All 
samples analyzed 

• TCLP PAHs. TP-200/S-1, TP-201/S-1, TP-205/S-2, TP-207/S-1, and 
TP-210/S-1 

Blanks 

Laboratory Blanks. One laboratory method blank was analyzed with 
each batch of samples. 

Laboratory Blank Contaminants - PAHs. Several PAH compounds 
including anthracene, acenaphthene, beiizo(ghi)peiylene, and 
phenanthrene were detected in at least one method blank sample. 
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Reported acenaphthene concentrations in samples TP-201/S-1, 
TP-210/S-1, and PDS-C were less than five times the associated method 
bl£ink value and were qualified as not detected (U). 

Laboratory Blank Contaminants - SemivolatUes. Bis(2-ethylhexyl) 
phthalate (BEHP) was detected in several method blanks. Reported 
BEHP concentrations in samples HC-9S/S-3 and HC-22/S-1 were less 
than five times the associated method blank value and were qualified as 
not detected (U). 

Surrogate Recovery 

Surrogate Control. Surrogate compoimds were within the 
laboratory-specified control limit range for all samples analyzed for 
organics. No samples were qualified based on surrogate recoveries. 

Matrix Spikes and Matrix Spike Duplicates 

Spike Recoveries. Spike recoveries were within advisory liinits for 
organic analyses. Arsenic spike recoveries in Laucks sample batch 
90-10-392 (SS-TCLP-1 through SS-TCLP-5) were below 50 percent and 
were flagged as estimated (J). 

Spike Duplicates. Relative percent differences (RPD) for matrix spike 
duplicates were acceptable except for arsenic in sample batch 90-10-392. 
These samples were qualified as estimated. 

Groundwater Quality Data Review 

Analytical Methods and Reporting Units 

Fifty groimdwater samples plus additional quality control samples were 
analyzed by Laucks Testing Laboratory for selected organic and 
inorganic parameters listed in Table 3 in the main bocty of the text 
Formaldehyde analysis using the draft RCRA method 8315 and 
hocavalent chromium testing were performed by ATL Arsenic 
speciation analysis was performed by Battelle Pacific Northwest 
Laboratory. 

Page B-9 



Hart Crowser 
J-2350-07 

Organic compound and trace metal analytical results were quantitated 
using micrograms per liter (/tg/L) or ppb units. All other parameters 
were reported using milligrams per liter (mg/L) or ppm units. 

Sample Collection and Handling 

Samples collection methods are described in Appendix A. Samples 
were collected in clean containers supplied by the analytical 
laboratories. Preservatives were added by the laboratory to volatile 
organic, hardness, hydrogen sulfide, and dissolved metal sample botties. 
Botties filled for volatile organic analysis were filled slowly and were 
devoid of headspace. Dissolved metal samples were filtered in the field 
using in-line 0.45 micron filters. 

Upon collection of each sample, the sample number, preservative, date, 
time, and sampling personnel initials were recorded on the label of each 
container. Samples were stored in insulated coolers packed with "blue 
ice". Hart Crowser maintained custody of the samples until delivery to 
the analytical laboratories. 

Holding Times 

Sample holding times generally met holding time requirements 
established under 40 CFR 136 (Qean Water Act). SaOmples exceeding 
these holding time criteria were flagged as estimated (J). Exceedences 
of holding times are summarized below by analyses and time of 
sampling event: 

• Semivolatile Organics (12/90). HC-2S 

• TDS (10/90). All samples 

• TDS (12/90). HC-6S, HC-61, HC-9S, HC-llS, HC-24S, EPA-9S, 
EPA-81, and EPA-IOI 

• TSS (10/90). All samples 

• Chloride (12/90). HC-4S, HC-5S, HC-llS, and EPA-9S 

• Sulfide (12/90). HC-4S and HC-5S 
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• Sulfate (12/90). HC-4S, HC-5S, HC-llS, and EPA-9S 

Blanks 

Laboratory Blanks. At least one laboratory method blank was analyzed 
for an analytical parameters in each batch of samples. 

Laboratory Blank Contaminants. Contaminants detected in laboratory 
method blanks are surmnarized below: 

• Metals (10/90). Nickel, manganese, copper, and zinc were detected 
in several method blanks associated with PDCA extractions at 
concentrations ranging fi-om 1 to 8 /ig/L. Iron was also detected at 
concentrations ranging from 14 to 100 /ig/L. 

• Metals (12/90). Chromium and zinc were detected in a method 
blank at concentrations of 1.0 and 1.2 /tg/L, respectively. 

• Semivolatile Organics (12/90). Bis(2-ethylhexyl)phthalate (BEHP) 
was detected in six method blanks at concentrations ranging from 1 
to 8/ig/L. 

We flagged nickel, manganese, copper, zinc, and iron sample 
concentrations as not detected if they were less than five times the 
associated method blank value. Because BEHP is a common laboratory 
contaminant, BEHP sample concentrations less than 10 times the 
associated method blank value were qualified as not detected. 

Field Blanks (10/90). No volatile organic compounds were detected in 
trip or field blanks. 

Field Blanks (12/90). BEHP, manganese, and iron were detected in at 
least one of the two field blank samples (EPA-101 and HC-lOO) at 
concentrations ranging from 1 to 16 /ig/L. These compounds were also 
detected in laboratory method blanks and were qualified based on their 
method blank concentration values. TDS was also detected in one field 
blank (EPA-101) at a concentration of 14 mg/L. No action was taken. 

0̂̂  
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Surrogate Recovery 

VOA Surrogate ControL Surrogate compound recoveries were within 
the laboratory-specified control limit range. 

Semivolatile Surrogate Control (10/90). Surrogate recoveries were 
generally within control limits except for samples HC-4S (low recoveiy) 
and HC-llS (high recovery). Results from these two samples were 
flagged as estimated (J). No qualification was necessary for 
non-detected values reported for HC-llS. 

Semivolatile Surrogate Control (12/90). Surrogate recoveries were 
generally within the laboratory-specified control limit range except for 
the following samples: 

• HC-17S (acid fraction)HC-2S (base/neuti-al) 
• HC-13S (base/neutral)HC-lS (acid fraction) 
• HC-3S (acid fraction)HC-16S (acid fraction) 
• EPA-7S (acid fraction) 

All of these results were qualified as unusable (R) due severe matrix 
interferences resulting in recoveries of less than 10 percent. 

Matrix Spikes and Matrix Spike Duplicates fMS/MSD) 

Oi^anic Spike Recoveries/Duplicates. Spike recoveries for organic 
parameters (including volatile and semivolatile organics, chlorinated 
herbicides, pesticides and PCBs) were generally within advisory liinits. 
No organic analytical results were qualified based on MS/MSDs. 

Trace Metal Spike Recoveries/Duplicates. Recoveries of zinc, silver, 
and cadmium were low for several batches of samples collected during 
the December 1990 sampling event indicating a possible negative bias. 
Results from samples associated with these low matrix spike recoveries 
were flagged as estimated (J), fron recoveries were generally high for 
the December sampling event indicating a possible positive bias. 
Reported iron concentrations in samples associated with elevated spike 
recoveries were qualified as estimated. 

Hexavalent Chromium Matrix Interferences. Hejcavalent chromium 
results were determined to be unusable due to matrix interferences. 
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Reported hejcavalent results were typically much higher than total 
chromium results for the same sample. We had the total chromium 
results reanalyzed by two laboratories and the results were consistent 
with the original reported values. We suspect that the hexavalent 
chromium analysis, which uses a colorimetric technique, was positively 
biased due to the presence of elevated TDS concentrations in the 
groundwater samples. 

Field Duplicates 

Field DupUcate Results. A total of seven replicate were analyzed for 
selected parameters. Results of the split samples were typically 
consistent and did not indicate the presence of high sampling or 
analytical variability. 

•'ijiijil'^ 
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DATA VALIDATION REPORT 

SOIL AND SURFACE WATER QUAUTY DATA 
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B l air Backup Data Review 
Hart Crowser Job No. 2350-04, Soils, surface water, aqueous QC samples 
LTL Nos. 8912073-078. 8912138. 8912139. 8912141. 8912146. 8912151-153. 9002038 

Corrections to Report 

The following discrepancies were observed during the QC data review and should 
be corrected in the hardcopy and wherever appropriate. 

-page 5 The 3rd line from bottom, 8912075-OlC should read 8912075-lOC. 
The client ID for this sample was correct. 

-page 6 out of control surrogate recovery table should include 

Sample No. OBC Recovery» % Isodrin Recovery, % 

8912074-01 120 130* 

-page 64 Sample 8912153-04 (client 10 SS-18) should not be flagged (•*) as 
being outside of holding time 

-page 67 GC/FID screens for samples 8912077-2,3,5 and 6 should not be 
flagged (*) as being outside of holding time 

-page 232 The date extracted for 8912139-lOB semivolatiles should have been 
12/22/89 (not 12/12/89) and results for Bis(2-ethylhexyl)phthalate 
and Di-n-octyl phthalate should have been "B" flagged, indicating 
blank contamination. 

-page 797 The second nickel MS/MSD analysis should have a matrix spike 
duplicate recovery of 91% (not 1%) and the RPO should be 1% 
(not 200%) 



Blair Backup Data Review 
Hart Crowser Job No. 2350-04, Soils, surface water, aqueous QC samples 
LTL Nos. 8912073-078. 8912138. 8912139. 8912141. 8912146. 8912151-153. 9002038 ' ^ 

Total Solids 
(soils, LX S8-3 / SM 209) 

Sample Holding Times: 

The Project Work Order did not specify a holding time for total solids. All 
analyses were Initiated between 0 and 7 days of sample collection and were 
considered valid based on holding times. 

Duplicate Analyses: 

Twelve samples were analyzed for total solids in duplicate throughout the 
course of the project for 13% replicates, overall. Relative Percent Difference 
(RPD) values ranged from OX to 8%, with most values being on the low side of 
that range. A control limit of 30% RPD was used; no values approached that 
level. All total solids analyses were considered valid on the basis of 
duplicate analyses. 

Other QC Issues: 

No other issues were observed in the analysis of total solids. 
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Total Suspended and Dissolved Solids 
(EPA 160.1 and 160.2) 

Sample Holding Times: 

The Project Work Order specified a 7-day holding time for the analysis of both 
total suspended solids (TSS) and total dissolved solids (TDS). Of the 4 
samples analyzed, all exceeded holding time by 6 days. It is not known what 
affect this might have on sample results, but all values should be considered 
estimates on this basis. 

Method Blanks: 

Neither analysis demonstrated any detectable method blank. The analyses were 
considered valid on this basis. 

Duplicates: 

An action limit of 30% RPD was used for these analyses. The RPD for TSS was 6 
and that for TDS was 0, thus validating the analyses on the basis of duplicate 
results. 

Other QC Issues: 

No other issues were observed in the analysis of either TSS or TDS. 
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SC/FID Screen 
(LTL methods) 

Sanple Holding Tiroes: 

The Project Work Order specifies a 14-day holding time for the extraction for 
GC/FID screening with a subsequent 40-day analysis holding time. All samples 
were extracted within the 14-day time period, although saflnples extracted in 
exactly 14 days were inadvertently flagged on the holding time summary as 
being outside of that timeframe- The longest period of time between extraction 
and analysis was 35 days. Thus, all GC/FID screens were considered valid on 
the basis of holding times. 

Method Blanks: 

Seven blanks were analyzed throughout the course of the project with 69 
samples. As noted in the narrative, a solution of AB/N surrogates was 
inadvertently added to some of the extracts and blanks. The surrogate 
compounds were observed in all of the method blank chromatograms, as was 
phthalate contamination in blank B12146SCSLT. One blank, B12286SCSLS, 
contained 18000 ug/kg calculated as phenanthrene. Blank control limits are 
20000 ug/kg. Thus all analyses were considered in control and valid on the 
basis of method blanks. 

Duplicates: 

As specified in the Project Work Order, a control limit of 30% RPD was used 
for duplicate comparison. All duplicate analyses met this criterion and were 
thus considered valid. 

Other QC Issues: 

No other issues were observed with regards to the GC/FID screens. 
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Polynuclear Aromatic Hydrocarbons 
(SW 846 8100) 

Sample Holding Times: 

The Project Work Order specifies a 14-day holding time for the extraction of 
Polynuclear Aromatic Hydrocarbons (PAHs or PNAs), with a subsequent 40-day 
analysis holding time. The longest time between sampling and extraction was 10 
days and the longest time between extraction and analysis was 29 days. All 
analyses for PAHs were considered valid on the basis of holding times. 

Method Blanks: 

Four method blanks were analyzed with 11 samples. No target analytes were 
detected in any of the method blanks, although surrogate recovery was low for 
one of them, as discussed below. All data were considered acceptable on the 
basis of method blanks. 

Surrogates: 

All PNA surrogates were within Project Work Order requirements with the 
following exception: 

Sample No. Surrogate Recovery,- % Limits, % 

8912078-06 (method blk) Biphenyl 12 23-126 

Since all sample surrogates were within specified bounds, the two other 
surrogates in this blank were in control, the other extraction blank for that 
date was in control, and no evidence of contamination was present in any of 
the method blanks, this event was considered of minor consequence. The.data 
should be considered valid on the basis of surrogate recoveries. 

Matrix Spike / Matrix Spike Duplicates: 

Three matrix spike / matrix spike duplicates (MS/MSDs) were analyzed with 11 
samples. All MS/MSD recoveries and their associated RPDs were within Project 
Work Order specifications with the following exceptions: 

Sample No. Analyte MS Recovery. % MSD Recovery. % RPD. % 

8912076-06 Pyrene 50 25 81* 
8912139-09 Naphthalene 7* 49 148* 

1-Methylnaphthalene 47 100 71* 
8912153-02 Chrysene 83 57 37* 

"*" denotes out-of-control events 
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No corrective action was required in the Project Work Order for out-of-control 
MS/MSD QC, although the apparent data quality is addressed here. 

Since only one MS or MSD recovery was low and more than enough QC was 
per*formed to verify the analyses, analytical values of less than the detection 
limit were considered adequately validated. This entails almost all of the 
samples. Since no analyte RPO was out of control in more than one QC sample 
and since no analyte was detected at greater than 3 times the detection limit, 
the potential for reduced precision was considered low and the data were 
considered valid on the basis of MS/MSD analysis. 

Other QC Issues: 

No other issues were observed in the analysis of PAHs. 
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Organochlorine (OC) Pesticides / PCBs 
(SW 846 8080) 

Sanole Holding Times: 

The Project Work Order specifies a 14-day holding time for the extraction of 
OC Pesticides/PCBs with a subsequent 40-day analysis holding time. The longest 
time between sampling and extraction was 10 days and the longest time between 
extraction and analysis was 21 days with the exception of sample 
# 8912153-04 (client ID SS-18), which was analyzed in 40 days. This sample was 
inadvertently flagged in the holding time suirenary as being out of the 
specified holding time. All analyses for OC pesticides/PCBs were considered 
valid on the basis of holding times. 

Method Blanks: 

Nine method blanks were analyzed with 32 samples. No target analytes were 
detected in any of the blanks, thus validating the analyses on the basis of 
method blanks. 

Surrogates: 

All samples demonstrated recovery of both Isodrin and Dibutylchlorendate (DBC) 
surrogates with the following exceptions: 

Sample No. 
soil limits 

8912075-10 
8912076-01 
8912139-10 
8912074-01 
8912152-01 
8912077-01 
8912139-01 

DBC Recovery, % 
(20-155) 

0* 
110 
85 
120 
170* 
180* 
150* 

Isodrin Recovery, % 
(20-112) 

0* 
0* 

170* 
130* 
100 
76 
93 

"*" denotes out-of-control events 

8912074-01 was inadvertently not flagged (*) on the surrogate report nor was 
it noted in the narrative. For all samples except 8912075-10, one surrogate 
recovery was in control. The Project Work Order specifies that if either one 
of these surrogates is in control, the analysis is considered valid. In the 
case of 8912075-10, the sample had to be diluted lOx due to matrix 
interference (see other QC issues in this report). This means that the 
surrogate was diluted too and, as a consequence, was not detected in the 
sample. No corrective action is required if surrogate recoveries are out of 
control due to dilution. Df the two other samples which had to be diluted, 
8912076-01 is noted above as having only one surrogate out of control and the 
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other, 8912076-02, had both surrogates in control even with dilution effects. 

With the above qualifications, the analysis of OC Pesticides/PCBs was 
considered valid on the basis of surrogate recoveries. 

Matrix Spike / Matrix Spike Duplicates: 

Seven matrix spike / matrix spike duplicates (MS/MSDs) were analyzed with 32 
samples. All MS/MSD recoveries were within Project Work Order specifications 
with the following exceptions: 

Sample No. 

8912074-01 
8912076-02 

8912138-02 
8912138-03 

8912153-04 

8912153-08 

Analyte 

Dieldrin 
Lindane 
Heptachlor 
Dieldrin 
Endrin 
4,4'-00T 
4,4'-DDT 
Heptachlor 
Aldrin 
Dieldrin 
4,4'-00T 
Lindane 

MS Recovery. % 

156* 
141* 
148* 
190* 
277* 
293* 
25* 
95 
41 
177* 
220* 
50* 

MSD Recovery, % 

140* 
110 
113 
178* 
130 
239* 
31* 
131* 
31* 
124 
131 
59 

RPD. % 

17 
22 
24 
6 
53* 
18 
21 
32* 
29 
35 
51* 
18* 

"*" denotes out-of-control events 

The Project Work Order does not require corrective action for out of control 
MS/MSDs. Recoveries significantly above the control limit, as most of these 
were, suggest matrix interference. Observation of the chroraotograms confinned 
this hypothesis. Low DDT recoveries are often due to a degradation of the DDT 
during chromotography, a fact also confinned by observation of the 
chromotograms. Evidence indicates that analytical bias, if any, would 
generally be high due to positive matrix interference, the exception being 
some DOT results. 

Other QC Issues: 

The following samples were reported with detection limits elevated by a factor 
of 10 because of matrix interference and the necessity of a ten-fold dilution: 

LTL No. Client ID 

8912075-10 TP114/S-1 
8912075-01 TP115/S-1 
8912076-02 TP116/S-2 

It was observed during this review that the discussion of this issue in the 
narrative showed an incorrect LTL number (8912075-OlC should have been 
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8912075-lOC), although the client ID was correct. 

No other issues were observed in the analysis of OC Pesticides/PCBs. 
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Organophosphorous (OP) Pesticides 
(SW 846 8140) 

The analysis was often referred to as "NP pesticides" in the report due to the 
Nitrogen/Phosphorous detector used in the GC analysis. 

Sample Holding Times: 

The Project Work Order specifies a 14-day holding time for the extraction of 
OP pesticides with a subsequent 40-day analysis holding time. The longest time 
between sampling and extraction was 14 days and the longest time between 
extraction and analysis was 22 days. All analyses for OP pesticides were 
considered valid on the basis of holding times. 

Method Blanks: 

Four blanks were extracted with 13 samples. No target list compounds were 
detected in any o f the blanks, thus validating the analyses on the basis of 
method blanks. 

Surrogates: 

All surrogates were within Project Work Order requirements with the following 
exception: 

Sample No. 
soil limits 

8912138-03C 

Nitro-m-xylene Recovery. % 
(20-150) 

14 

As no corrective action was taken for the out-of-control event, OP pesticide 
results for this sample should be considered estimates and could be biased low 
due to poor extraction efficiency. No target analytes were observed in this 
sample and this lack of detection at the levels reported could be erroneous. 

Matrix Spike / Matrix Spike Duplicates: 

Three Matrix Spike / Matrix Spike Duplicates (MS/MSDs) were analyzed with 13 
samples. All recoveries and RPDs were within Project Work Order 
specifications, thus validating the data on the basis of MS/MSDs. 

Other QC Issues: 

No other issues were observed in the analysis of OP pesticides. 



B la i r Backup Data Review 
Hart Crowser Job No. 2350-04, Soi ls , surface water, aqueous QC samples 
LTL Nos. 8912073-078. 8912138. 8912139. 8912141. 8912146. 8912151-153. 9002038 

Herbicides 
(SW 846 8150) 

Sample Holding Tiroes: 

The Project Work Order specif ies a 14-day holding t ime for the extract ion of 
herbicides wi th a subsequent 40-day analysis holding t ime. The longest time 
between sampling and ext ract ion was 11 days. The time between ext ract ion and 
analysis var ied from 20 days to 60 days, with 9 of 13 analyses f a l l i n g outside 
of the 40-day analysis holding time. 

The 9 v io la t i ons were due to the late observation that only 2,4-D and 2,4,5-
TP, rather than the f u l l target l i s t , had been determined i n the i n i t i a l 
ana lys is . A l l resu l ts reported were from the later analyt ical date. I t is not 
known what e f fec t t h i s would have on the overall analyt ical r esu l t s , but a l l 
samples associated wi th LTL work order numbers 8912138, 8912139, 8912152 and 
8912153 should be qua l i f i ed on the basis of holding time v i o l a t i ons . 

Method Blanks: 

No target analytes were detected in any of the method blanks fo r these 
samples- However, blank surrogate recovery was below Project Work Order 
control l i m i t s fo r the blanks associated with 8912074, 8912077, 8912138 and 
8912139- Although Picloram has a history of poor recovery in s o i l s , th is poor 
recovery in the blank suggests that extraction eff ic iency may have been low 
f o r the associated samples and the data should be qua l i f ied on the basis of 
uncertain method blanks. Method blank data for 8912152 and 8912153, which 
encompass c l i e n t sample IDs SS-1, SS-18, and SW-1, demonstrated adequate 
surrogate recovery and no target analytes. Data for these 3 samples should be 
considered va l i d on the basis of method blanks. 

Surrogates: 

Six samples demonstrated surrogate recovery which was wi th in the Project Work 
Order spec i f ica t ions of 20%-150%. Of these, 3 were at the bottom of the range 
and, since other surrogates were low, cast additional doubt on the overal l 
herbicide data q u a l i t y . The ACCEPTABLE surrogate recoveries are l i s t e d below. 

Sample No. Cl ient ID Picloram Recovery, % 

8912074-01 TP109/S-1 23 
8912077-01 TP124/S-1 39 
8912138-02 HC-5S/S-1 23 
8912139-01 HC-llS/S-I 20 
8912153-04 SS-18 SS-1 Oup 110 
8912153-05 5W-1 Pennwalt 120 
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It was observed that the last two of these samples also had acceptable method 
blank data, as noted above. One sample (client ID SS-1) with acceptable method 
blank surrogate data did not have adequate surrogate recovery, even though the 
sample listed as its' duplicate (client ID SS-18 SS-1 Dup) demonstrated 
excellent recovery. This was considered additional support for the supposition 
that extraction efficiency was inconsistent. 

All other herbicide data should be considered estimates with a distinct 
probability of low bias. Four samples listed above, though marginally within 
acceptable limits, may also be biased low when considered in conjunction with 
the samples and method blanks extracted concurrently and which demonstrated 
unacceptable surrogate recovery. Two samples demonstrated slightly high 
recoveries and should be considered valid on the basis of surrogate recoveries 
in the samples and their associated method blanks. 

Matrix Spike / Matrix Spike Duplicates: 

Four matrix spike / matrix spike duplicates (MS/MSDs) (3 soil, 1 water) were 
analyzed with 13 samples. All MS/MSD recoveries were within Project Work Order 
specifications with the following exceptions: 

Sample No. Analyte MS Recovery. % MSD Recovery. % RPD. % 

8912138-04 2,4,5-TP 29 22* 26 
8912153-04 2,4-0 6* 67 157* 

2,4,5-TP 18* 58 104* 

"*" denotes out-of-control events 

Although no corrective action is required in the Project Work Order for out-
of-control MS/MSDs, this, in conjunction with previously discussed surrogate 
data, qualifies analyses associated with these MS/MSDs. It was observed that 
the surface water sample (8912153-05) demonstrated acceptable surrogate and 
MS/MSD recovery data. It was further observed that sample 8912074-01, which 
had low but acceptable surrogate recovery, demonstrated excellent MS/MSD 
recoveries, thus increasing confidence in data for that and associated 
samples-

Other QC Issues: 

No Other issues were observed in the analysis of herbicides. 

Every herbicide analysis exhibits one or more factors which diminish 
reliability. The single' surface water sample (8912153-05) was qualified by a 
holding time violation. Sample 8912074-01 demonstrated good spike recovery, 
marginally acceptable surrogate recovery, was analyzed within holding time, 
but had a method blank with a poor surrogate recovery. Data for other samples 
demonstrate greater unreliability and all data should be considered estimated. 
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Although the 14-day extraction holding time has been violated, re-extraction 
and reanalysis was performed on samples with the most questionable data. A 
review of these reanalyses will follow in an addendum to this report. 
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Semivolatile Organic Compounds and Chlorinated Phenols 
(SW 846 8270, GC/MS) 

Samole Holding Times: 

The Project Work Order specifies a 14-day holding time for the extraction of 
semivolatile compounds with a subsequent 40-day analysis holding time. The 
longest time between sampling and extraction was 10 days and the longest time 
between extraction and analysis was 20 days, thus making all analyses valid on 
the basis of holding times. 

Method Blanks: 

Seven blanks were analyzed throughout the course of the project with 28 
samples extracted and 19 analyzed. No target analytes were detected in any of 
them with the following exceptions: 

B1215MSVSL0 (LTL # 8912075-llA) Bis(2-ethylhexyl)phthalate 76 ug/kg 
B1222MSVSL0 (LTL # 8912138-06A) Bis (2-ethylhexyl)phthalate 570 ug/kg 

Oi-n-octyl phthalate 350 ug/kg 
B1221MSVWLI (LTL # 8912141-08A) Bis (2-ethylhexyl)phthalate 2 ug/L 
B1228MSVSLS (LTL # 8912152-llA) Bis (2-ethylhexyl)phthalate 340 ug/kg 

Di-n-octyl- phthalate 250 ug/kg 

Closer inspection of the data on samples associated with blank B1222MSVSL0 
revealed that the date extracted for sample 8912139-lOB (client ID HC-8S/S-2) 
should have been 12/22/89 (still within holding time) and that the results for 
Bis(2-ethylhexyl)phthalate and Di-n-octyl phthalate should have been "B" 
flagged, indicating blank contamination, for this sample. 

In general, samples associated with these blanks contained approximately the 
same level of Bis(2-ethylhexyl)phthalate and/or Di-n-octyl phthalate excepting 
B1228MSVSLS, where significantly higher levels of Bis(2-ethylhexyl)phthalate 
were found in in the samples- The level of Bis(2-ethylhexyl)phthalate in 
B1221MSVWLI was at the water detection limit and since none was found in the 
sample, it was not considered significant- EPA Contract Laboratory Program 
(CLP) and Laucks internal requirements do not require corrective action for 
phthalate blank contamination less than 5x the EPA Contract Required 
Quantitation Limit (330 ug/kg in soil and 10 ug/L in water for these 
particular analytes). 

A number of Tentatively Identified Compounds (TICs) were also observed in most 
of the blanks- Among these were unknown aldol condensation products, which are 
routinely detected and are not considered detrimental to the analysis. Some 
compounds, primarily substituted benzenes, were observed in method blanks 
B1222MSVSL0 and B1228MSVSLS. Many of the same compounds, considered 
contaminants, were also observed in all of the samples associated with 
B1222MSVSL0 (LTL #s 8912138-01. 8912139-10, 8912146-05, and 8912146-07). As 
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these were also samples which showed evidence of phthalate blank 
contamination, it is likely that contamination occurred during the extraction 
process and the presence of these TICs in the samples should be disregarded. 
In the case of the two samples associated with the blank B1228MSVSLS (tTL #s 
8912152-04 and 8912152-07)', none of the TICs observed in the blanks were 
detected, thus indicating that contamination appears to be limited to the 
blank only. 

With the above qualifications, the data was considered valid with regards to 
methods blank contamination. 

Surrogates: 

All surrogate recoveries were within EPA and contract specified limits, thus 
establishing the analyses as being in control. 

Matrix Spike / Matrix Spike Duplicates: 

Two matrix spike / matrix spike duplicates (MS/MSDs) were analyzed with 
nineteen samples for semivolatiles and thirteen samples for chlorinated 
phenols. All MS/MSDs and their associated RPDs were within EPA and contract 
required specifications, indicating confidence in both analytical accuracy and 
precision. 

Other QC Issues: 

No other issues were observed in the analysis of semivolatile organic 
compounds and the selected chlorinated phenols. 
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Volatile Organic Compounds 
(SW 846 8240, GC/MS) 

Sample Holding Times: 

Under Project Work Order requirements, water and soil/sediment samples both 
were to be analyzed within 14 days. All samples were analyzed within 9 or 
fewer days, thus validating the analysis based on holding'times. 

Method Blanks: 

Six method blanks were analyzed for Volatile Organic Compounds (VOCs), 20% 
blanks overall. No target compounds or Tentatively Identified Compounds (TICs) 
were detected in any of the blanks, thus validating the analyses on the basis 
of method blanks. 

Surrogates: 

Surrogate recoveries for sample 8912077-OlA (client ID # TP124/S-1) were all 
outside of contract specified limits. The corrective action taken was 
reanalysis the sample. Upon reanalysis, similar recoveries were observed, 
documenting matrix effect. It was also observed that similar native sample 
levels were detected in both injections. The surrogate recovery data for both 
injections are summarized below. 

8912077-OlA 8912077-OlARE control limits 
%recovery %recovery 

d4-1.2-0ichioroethane 127 135 70-121 
d8-Toluene 138 145 70-121 
p-Bromofluorobenzene 53 63 70-121 

All other surrogate recoveries were in control, validating the analyses on the 
basis of surrogate recoveries. 

Matrix Spike / Matrix Spike Duplicates: 

Three matrix spike / matrix spike duplicates (MS/MSDs) were analyzed (a 10% QC 
effort), with all recoveries within contract required limits. Relative percent 
differences (%RPDs) were in control with the exception of benzene in sample 
8912138-04, which had an RPD of 21 (with a control limit of 20). As all other 
recoveries and RPDs for spikes and surrogates were in control, an RPO only 1% 
outside of the specified range, this was not considered a serious deficit. The 
current EPA CLP RPO limit for benzene in soils is 21%, which would, in any 
case, make the RPO in question acceptable. 
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The data were considered acceptable with regard to both accuracy and precision 
on the basis of MS/MSD recoveries and RPDs. 

Other QC Issues: 

No other issues were observed in the analysis of volatile organic compounds. 
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Metals 

This portion of the review covers all metals quality control including €P 
toxicity metals, ICP and flame AA metals, graphite furnace (antimony and 
thallium) analyses, and hydride (arsenic and selenium) analyses. 

Sample Holding Tiroes: 

The Project Work Order holding time specification for all metals was 180 days. 
Mercury was not observed as a special case in those requirements, but is more 
typically considered to have a 28-day holding time in water, with no holding 
time established for soil. All analyses were within Project Work Order 
guidelines but several mercury analyses were performed within 30 days of 
sample collection. It is not certain what effect this might have on analytical 
results, but it is doubtful that the effect would be significant. 

There is no known holding time for the EP toxicity extraction, nor was one 
specified in the Project Work Order. EP toxicity extractions occurred from 50 
to 65 days after sampling. Mercury analysis on the extract occurred within 4 
days of that time and ICP analyses within 6 days. 

All metals data were considered valid on the basis of holding times. 

Method Blanks: 

A small number of ICP metals demonstrated blank contaminants at the limit of 
detection. Sample results related to these method blanks are "B" flagged in 
the report. Laucks' policy for the specific set of metals analyzed in this 
project does not require corrective action until blank contamination levels 
exceed twice the limit of detection. If this occurs, corrective action in the 
form of redigestion and reanalysis is required only for samples which do not 
exceed the blank by a factor of 10 or nwre. No blank contamination occurred at 
a level high enough to require qualification. All metals analyses were 
considered valid on the basis of method blank considerations. 

Matrix Spike / Matrix Spike Duplicates: 

All Matrix Spike / Matrix Spike Duplicate (MS/MSD) data were evaluated using 
EPA control limits of 75%-125% for MS/MSD recoveries and 20% for RPDs, as 
specified in the Project Work Order. 

' < ^ 
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All total metals recoveries and their associated RPDs met these guidelines 
with the following exceptions: 

Analyte 

Ni 
As 
As 
As 
Tl 
Sb 
Tl 

MS Recovery, % 

90 
72* 
68* 
72* 
31* 
71* 
48* 

MSD Recovery. % RPO. X 

1* 
70* 
58* 
77 
60* 
78 
58* 

200* 
3 
3 
5 
62* 
10 
35* 

"*" denotes- out-of-control events 

The out-of-control nickel recovery was erroneously reported. The true MSD 
recovery was 91%, thus reducing the RPD to 1% and bringing Ni values into 
control. 

The Project Work Order corrective action for out-of-control spikes is to 
perfonn a post-digestion spike. This, in fact, is done for all graphite 
furnace work (Sb and Tl) regardless of spike recovery and in this instance 
confirmed the analytical values. Although contract requirements were met, the 
persistence of low recoveries for Tl and the somewhat low recovery for Sb 
suggest a potentially low bias. No detectable Tl was observed in any of the 
samples and even with this low bias, the reported limit of detection should be 
valid. Reported Sb results, could be low but, if so, probably by less than a 
factor of two. 

Nine arsenic MS/MSDs were performed with 90 analyses. Three of the MS/MSDs had 
one or more recoveries which were out of control. Since good precision was 
demonstrated (low RPD), this occasional low recovery may due to some matrix 
interference. Since 10% of the samples were subjected to MS/MSD' analysis and 
more than the desired 5% acceptable QC was achieved, no further action was 
taken. It should be noted, however, that some samples may exhibit a low bias, 
though other recoveries indicate most values will not be biased. Of those that 
might be, the bias should be less than a factor of two low. 

All EP toxicity metals recoveries and their associated RPDs met the project 
guidelines with the following exceptions: 

Analyte 

Pb 
Cu 
Zn 
Cr 
As 

MS Recovery. % 

100 
120 
120 
110 
120 

MSD Recovery, % 

130 
130* 
140* 
130* 
130* 

RPD, % 

22* 
7 
18 
11 
5 

"*" denotes out-of-control events 
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Note that the recoveries are reported to 2 significant figures. Rounding after 
calculation results in some RPDs appearing different than the reported values 
would suggest. This also was the reason the 130% MSD recovery for Pb was not 
"*" flagged. 

The above MS/MSD recoveries suggest that some EP toxicity values may be biased 
high. Since all target analytes in the samples, where detected, are well below 
the maximum contamination level (MCL) for the EP toxicity test, no further 
action was taken. ^ 

With the above qualifications, all metals data were considered valid with 
respect to MS/MSDs. 

Other OC Issues: 

No other issues were observed in the analysis of total or EP toxicity metals. 

M i # 
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Cyanide 
(EPA 335.3, LX-0004) 

Sample Holding Times: 

The Project Work Order specifies a 14-day holding time for the extraction and , 
ana;iysis of cyanide. The time between sampling and analysis varied from 20 to • 
35 days. All holding times were violated. It is not certain what effect this 
would have on sample results. It is likely that if there was an effect, it 
would tend toward a low bias. Since no cyanide was detected in any of the 
samples, the data should be regarded as inconclusive. 

Method Blanks: 

One method blank was analyzed with 11 samples. No cyanide was detected and the 
analysis was considered valid on the basis of method blanks. 

Matrix Spike / Matrix Spike Duplicates: 

Three matrix spike / matrix spike duplicates (MS/MSDs) were analyzed with 11 
samples. MS/MSD recoveries and their associated RPDs were well within Project 
Work Order specifications. Thus, the analyses were considered valid on the 
basis of MS/MSD data. 

Other QC Issues: 

No other issues were observed in the analysis of cyanide. 
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Herbicides 
(SW 846 8150) 

This review pertains to re-extraction and re-analyses of 8 soil samples 
previously analyzed under laboratory numbers 8912138, 8912139, 8912152, and 
8912153. 

Sample Holding Times: 

The Project Work Order specifies a 14-day holding time for the extraction of 
herbicides with a subsequent 40-day analysis holding time. These analyses were 
re-extractions performed between 53 and 71 days after sample collection. 
Although analysis of the extracts was performed within 5 days of extraction, 
results should be considered estimates based on the date of the extraction. 

Method Blanks: 

No target analytes were detected in any of the method blanks for these 
samples. However, surrogate recovery was out-of-control low (16%) on one of 
the method blanks and acceptable but low (30%) on the other. The lack of 
target analyte detection in both blanks, with in-control surrogate recovery in 
one of them, was sufficient to confirm the analyses on the basis of method 
blanks, although a potential for low extraction efficiency was demonstrated. 

Surrogates: 

All Picloram surrogate recoveries were within Project Work Order specified 
control limits (20%-150%), with the exception of one of the method blanks, 
which had a surrogate recovery of 16%- All recoveries were toward the low end 
of the recovery range, however, the highest being 55%. This suggests low 
extraction efficiency. Since all sample surrogate recoveries were in control, 
the analyses were considered valid on the basis of surrogate recovery, with 
the potential for a low bias due to extraction inefficiency. 

Matrix Spike / Matrix Spike Duplicates: 

One matrix spike / matrix spike duplicate (MS/MSD) was analyzed with the 8 
samples. The MS/MSD recoveries and their associated RPDs were within Project 
Work Order specifications. The fact that recoveries of three actual target 
analyte spikes (2,4-0, 2,4,5-TP, and 2,4,5-T) were somewhat high on a sample 
which demonstrated low (28%) surrogate recovery, suggests target analyte 
extraction may not be as reduced as surrogate recoveries indicate. With only 
one MS/MSD pair analyzed for only 3 of the target analytes, however, the 
potential for reduced extraction efficiency suggested by the low surrogate 
recoveries still exists. Since the MS/MSD recoveries and associated RPDs were 
within limits specified in the Project Work Order, the analyses were 
considered valid on this basis. 
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Other QC Issues: 

No other issues were observed in the re-analysis of herbicides. 

Conclusions: 

Due to holding time violations, data for these 8 samples should be considered 
estimated. Issues suggested primarily by low surrogate recovery, especially 
since those recoveries were within specified control limits and MS/MSD 
recoveries were high, were secondary and should not further detract from 
overall data quality. 
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Corrections to Report 

The following discrepancies were observed during the QC data review and should 
be corrected in the hardcopy and wherever appropriate. 

-pige 207 Percent recovery for dl4-Terphenyl surrogate should be flagged (*) 
as being outside of the control limits 

-page 211 Percent recovery for dl4-Terphenyl surrogate should be flagged (*) 
as being outside of the control limits 

-page 600 Matrix spike recovery for Thallium should be flagged (*) as being 
outside of the control limits 

-page 612 Manganese matrix spike and matrix spike duplicate recoveries should 
both be flagged (*) as being outside of control limits. 

-page 523 Pentachlorophenol MS and MSD recoveries should both be flagged (*) 
as being outside of control limits. 
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Total Dissolved Solids 
(EPA 160.1) 

Sample Holding Tiroes: 

The Project Work Order specified a 7-day holding time for the analysis of 
total dissolved solids (TDS). All samples were analyzed within this time 
period and analyses were thus considered valid on the basis of holding time. 

Method Blanks: 

Four method blanks were reported with 43 samples. No blank contamination was 
observed for any of them, thus validating the analyses on the basis of method 
blanks. 

Duplicates: 

An action limit of 30% RPD was used for this analysis. Four duplicates were 
analyzed with 43 samples. The highest RPD was 5%, thus meeting the criterion 
for validation of the analyses. 

Other QC Issues: 

No other issues were observed in the analysis of TDS. 
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Formaldehyde 

Sample Holding Times: 

The Project Work Order specifies a 7-day holding time for the analysis of 
water samples for formaldehyde. All samples were analyzed within this time 
period and were considered valid with regards to holding times with the 
following exceptions: 

Sample No. Days 

9001116-01 8 
9001118-02 12 
9001135-03 11 

It is not known what effect, if any, this failure to meet holding time would 
have on the analyses. It is likely that if there was an effect, it would be 
toward a low bias-

Method Blanks: 

Three method blanks were analyzed with 43 samples for formaldehyde. No method 
blank contamination was observed in any of them. The results were considered 
valid on the basis of method blanks. 

Matrix Spike / Matrix Spike Duplicates: 

Three matrix spike / matrix spike duplicates (MS/MSDs) were analyzed with 43 
samples for formaldehyde. All recoveries and their associated RPDs were within 
control limits specified in the Project Work Order. All formaldehyde analyses 
were considered valid on the basis of MS/MSDs. 

Other QC Issues: 

No other issues were observed in the analysis for formaldehyde. 
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Metals 

This portion of the review covers all metals quality control including'ICP and 
flame AA metals, graphite fumace (antimony and thallium) analyses, and 
hydride (arsenic and selenium) analyses. 

Sample Holding Tiroes: 

The Project Work Order holding time specification for all metals was 180 days. 
Mercury was not observed as a special case in those requirements, but is more 
typically considered to have a 28-day holding time in water. All" analyses were 
within Project Work Order guidelines. In addition, the longest time between 
sample collection and preparation for mercury analysis was 14 days. The 
analyses for metals were all considered valid on the basis of holding times. 

Method Blanks: 

One blank (B0201ICP_W01) demonstrated nickel contamination at 3 ug/L. Sample 
results related to this method blank are "B" flagged in the report. Laucks' 
policy for the specific set of metals analyzed in this project does not 
require corrective action until blank contamination levels exceed twice the 
limit of detection. If this occurs, corrective action in the form of 
redigestion and reanalysis is required only for samples which do not exceed 
the blank by a factor of 10 or more. No blank contamination occurred at a 
level high enough to require qualification. All metals analyses were 
considered valid on the basis of method blank considerations. 
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Matrix Spike / Matrix Spike Duplicates: 

All Matrix Spike / Matrix Spike Duplicate (MS/MSD) data were evaluated using 
EPA control limits^of 75%-125% for MS/MSD recoveries and 20% for RPDs,'as 
specified in the Project Work Order. 

All total metals recoveries and their associated RPDs met these guidelines 
with the following exceptions: 

Analyte 

Ni 
Cd 
Cr 
Mo 
Sb 
Tl 
Sb 
Sb 
Sb 
Tl 
Pb 
Ag 
Ag 
Mn 

MS Recovery, % 

74* 
70* 
73* 
56* 
71* 
69* 
48* 
100 
55* 
70* 
83 
68* 
88 

170* 

MSD Recovery, % 

75 
70* 
75 
74* 
78 
49* 
47* 
83 
57* 
76 
100 
60* 
74* 
170* 

RPD, % 

2 
0 
3 
11 
10 
33* 
2 
20* 
3 
7 
20* 
13 
17 
0 

"*" denotes out-of-control events 

Note that the recoveries are reported to 2 significant figures. Rounding after 
calculation results in some RPDs appearing different than the reported values 
would suggest. 

The Project Work Order corrective action for out-of-control spikes is to 
perfonn a post-digestion spike. This, in fact, is done for all graphite 
furnace work (Sb, Tl, and Pb) regardless of spike recovery and in this 
instance confirmed the analytical values. Although all appropriate actions 
were taken, data for Sb and Tl associated with the out-of-control matrix 
spikes and RPDs could be biased low and exhibit reduced precision. Likewise, 
samples associated with the out-of-control Pb RPD could exhibit reduced 
precision, although the accuracy (recovery) was well within bounds. 

The first four out-of-control matrix spike analytes on the above list (Ni, Cd, 
Cr, and Mo) were from the same spike sample, associated with work order 
numbers 9001116, 9001117, and 9001118. No corrective action was taken because 
the analyst was inappropriately using statistically derived, in-house control 
limits instead of EPA limits as guidelines, as specified in the Project Work 
Order. Evaluating data based on EPA control limits indicates a potential low 
bias for these analytes on samples associated with the named work orders. 
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The same situation was the case for the out-of-control Ag spikes. In the 
instance where only one Ag spike was out-of-control by just 1%, the MSD was 
most likely a statistical outlier and overall data quality should not be 
affected. In the instance where both MS and MSD were out by a more significant 
degree, a potential low bias for Ag may be the result. Work orders affected by 
this deviation were 9001202, 9001204, 9001205, 9001238, and 9001239. 

Out-of-control Mn recoveries were due to the fact that the normal spiking 
level was much less than the native analyte level for the spiked sample. 
Corrective action is required if the native sample level is within 4x the 
spiking level, which was not the case. No conclusions based on MS/MSD 
recoveries and RPDs can be drawn for Mn values associated with this sample. 

With the above qualifications, all metals data were considered valid on the 
basis of MS/MSDs and their associated RPDs. 

Other OC Issues: 

For reasons primarily associated with high solids content of the samples, 
sample detection limits (SDLs) were elevated because the EPA CLP digestion 
method (in which the sample is not concentrated) was employed. Most lead 
analyses were also performed by graphite furnace instead of ICP as had been 
agreed upon, in order to achieve more suitable detection limits. As these 
issues did not affect data quality and are thoroughly discussed in the case 
narrative, further elaboration is not necessary. 

No other issues were observed in the analysis of metals. 

file:///-C/d
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Semivolatile Organic Compounds and Chlorinated Phenols 
(SW 846 8270, GC/MS) 

Sample Holding Times; ' 

The Project Work Order specifies a 7-day holding time for the extraction of 
semivolatile compounds with a subsequent 40-day analysis holding time. The 
longest time between sampling and extraction was 7 days and the longest time 
between extraction and analysis was 10 days, thus making all analyses valid on 
the basis of holding times. 

Method Blanks: 

Six blanks were analyzed throughout the course of the project with 43 samples, 
8 of which were also analyzed for chlorinated phenols. No target analytes were 
detected in any of them with the following exceptions: 

B0117MSVWL0 (LTL # 9001135-05A) Bis (2-ethyl hexyl) phthal ate 49 ug/L 
B0122MPPWLG (LTL # 900119O-O7A) Phenol 3 ug/L 

B0122MPPWLG also contained an unknown Tentatively Identified Compound (TIC) at 
an estimated 38 ug/L. 

All samples associated with B0117MSVWL0 displ'ayed detectable levels of 
Bis(2-ethylhexyl)phthalate which were below the blank level and are 
appropriately "B" flagged. This suggests laboratory contamination. 
Bis (2-ethyl hexyl) phthal ate results for the associated samples should be 
considered contaminants. EPA Contract Laboratory Program (CLP) and Laucks' 
internal requirements do not require corrective action for phthalate blank 
contamination less than 5x the EPA Contract Required Quantitation Limit (10 
ug/L in water). 

Of 13 samples associated with B0122MPPWLG, only # 9001202-OlB contained any 
phenol (6 ug/L). This indicates that the phenol contamination was isolated to 
the blank, though the fact that no other target analytes and very limited TICs 
were observed in sample 9001202-OlB suggests contamination may have occurred 
in it as well. EPA Contract Laboratory Program (CLP) and Laucks' internal 
requirements do not require corrective action for phenol blank contamination 
less than the EPA Contract Required Quantitation Limit (10 ug/L in water). 

With the above qualifications, the data was considered valid with regards to 
methods blank contamination. 
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Surrogates: 

All surrogate recoveries were within EPA and contract specified limits with 
the following exceptions: 

Sample 

9001118-02B 
9001135-038 
9001205-038 

9012123-02B 
9001190-03B 
9001204-02B 
9001204-038 
9001205-OlB 

9001135-028 
9001163-OlB 
9001153-038 
9001163-04B 
9001153-05B 
9001190-OlB 

9001202-02B 

9001238-04B 
9001239-OlB 

Surrogate 

dl4-Terphenyl 
d5-Nitrobenzene 
d5-Nitrobenzene 
dl4-Terphenyl 
d6-Phenol 
2-Fluorophenol 
2,4,6-Tribromophenol 
dl4-Terphenyl 
2-Fluorophenol 
dl4-Terphenyl 
dl4-Terphenyl 
dS-Nitrobenzene 
dl4-Terphenyl 
dl4-Terphenyl 
dl4-Terphenyl 
dl4-Terphenyl 
dl4-Terphenyl 
dl4-Terphenyl 
d6-Phenol 
2-Fluorophenol 
2,4,6-Tribromophenol 
d6-Phenol 
2-Fluorophenol 
dl4-Terphenyl 
d6-Phenol 
2-Fluorophenol 
2,4,6-Tribromophenol 

Recovery, % 

24 
0 
3 
31 
1 
1 
2 
24 
18 
25 
28 
3 
30 
17 
23 
22 
27 
28 
2 
2 
3 
7 
7 
15 
1 
1 
2 

Limits 

33-141 
35-114 
35-114 
33-141 
10-94 
21-100 
10-123 
33-141 
21-100 
33-141 
33-141 
35-114 
33-141 
33-141 
33-141 
33-141 
33-141 
33-141 
10-94 
21-100 
10-123 
10-94 
21-100 
33-141 
10-94 
21-100 
10-123 

The Project Work Order, following the EPA Contract Laboratory Program (CLP) 
protocol, allows for one acid and/or one base/neutral surrogate to fall 
outside of control limits without requiring corrective action, in the form of 
re-extraction and re-analysis. Five samples exceeded this specification with 
two or more like surrogates falling outside of control limits- These samples 
were 9001190-01, 9001202-02, 9001205-01, 9001205-03, and 9001239-01. Re-
extraction and re-analysis was performed with substantially the same results, 
thus documenting matrix effect- Since re-extraction was performed outside of 
the contract specified holding time, results from the original analyses, which 
were performed within holding time limits, were reported. 

All data were considered validated either by adequate surrogate recoveries or 
by appropriate corrective actions. 
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Matrix Spike / Matrix Spike Duplicates: 

Five matrix spike / matrix spike duplicates (MS/MSDs) were analyzed with 43 
samples for semivolatiles, 8 of which were also analyzed for chlorinated 
phenols. Two of these MS/MSDs also contained chlorinated phenol spikes. All 
MS/MSDs and their associated RPDs were within Project Work Order 
specifications with the following exceptions: 

Sang?1e No. Analyte MS Recovery, % MSD Recovery, % RPD, % 

9001205-02B Pentachlorophenol 110* 109* 1 

"*" denotes .out-of-control events 

The control limits for Pentachlorophenol are 9%-103% recoveries and 50% RPD. 
The Project Work Order requires no corrective actions for out-of-control 
MS/MSD data- As all other recovery and RPD data were in control on this and 
other spikes and recovery was out-of-control high but near 100%, this was not 
considered a serious deficit-
All data were considered valid on the basis of MS/MSD recoveries and RPDs. 

Other QC Issues: 

No other issues were observed in the analysis of semivolatile organic 
compounds and the selected chlorinated phenols-
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Volatile Organic Compounds 
(SW 846 8240, GC/MS) 

Sample Holding Tiroes: 

Under Project Work Order requirements, water samples were to be analyzed 
within 14 days. All samples were analyzed within 8 or fewer days, thus 
validating the analyses based on holding times. 

Method Blanks: 

Ten method blanks Were analyzed for Volatile Organic Compounds (VOCs) with 52 
samples. No target compounds or Tentatively Identified Compounds (TICs) were 
detected in any of the blanks with the following exceptions: 

Blank Number Analyte Found Blank Found, ug/L 

9001163-08A Methylene Chloride 1 
9001190-07A Methylene Chloride 2 

Methylene chloride is a solvent common in the laboratory which occasionally 
results in blank contamination. EPA Contract Laboratory Program (CLP) and 
Laucks' internal requirements do not require corrective action for methylene 
chloride blank contamination less than 5x the EPA Contract Required 
Quantitation Limit (5 ug/L in water). Since no methylene chloride was detected 
in any of the associated samples and the levels were very near the detection 
limit (1 ug/L), these were probably isolated phenomena and should not affect 
sample result validity. 

All data were considered valid on the basis of method blanks. 

Surrogates: 

All surrogate recoveries were within EPA and contract specified limits, thus 
establishing the analyses as being in control. 

Matrix Spike / Matrix Spike Duplicates: 

Four matrix spike / matrix spike duplicates (MS/MSDs) were analyzed for 
Volatile Organic Compounds (VOCs) with 52 samples. All MS/MSD recoveries and 
their associated RPDs were within EPA and Project Work Order specifications, 
thus validating data on that basis. 

Other OC Issues: 

No other issues were observed in the analysis of volatile organic compounds. 
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Organochlorine (OC) Pesticides / PCBs 
(SW 846 8080) 

Sample Holding Times: 

The Project Work Order specifies a 7-day holding time for the extraction of OC 
Pesticides/PCBs with a subsequent 40-day analysis holding time. The longest 
time between sampling and extraction was 6 days and the longest time between 
extraction and analysis was 22 days. Thus, all analyses for OC Pesticides/PCBs 
were considered valid on the basis of holding times. 

Method Blanks: 

Five method blanks were analyzed with 43 samples. No target analytes were 
detected in any of the blanks, thus validating the analyses on the basis of 
method blanks. 

Surrogates: 

All samples demonstrated recovery of both Isodrin and Dibutylchlorendate (DBC) 
surrogates with the following exceptions: 

Sample No. DBC Recovery, % Isodrin Recovery, % 
water limits (43-152) (32-96) 

9001115-01 28* 0* 
9001135-02 150 13* 
9001153-05 190* 56 
9001201-04 75 0* 

"*" denotes out-of-control events 

For all samples except 9001116-01, at least one surrogate was within control 
limits. The Project Work Order specifies that if either one of these 
surrogates is in control, the analysis is considered valid. In one instance 
(sample 9001116-01) both surrogates were out-of-control. Observation of the 
chromotograms provided with the data indicates significant matrix 
interference. No further action was taken. 

All sample analyses were considered valid with regards to surrogate recoveries 
as specified in the Project Work Order with the qualification of sample 
9001116-01 for which no* corrective action was available. Due to low surrogate 
recoveries and matrix interference, results for this sample should be 
considered estimated-
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APPENDIX C 
SUMMARY DATA TABLES 

This appendix presents simimary tables (C-1 through C-12) of analytical 
results for soO, sediment, surface water, and groundwater samples 
collected in the defined areas of the Blair Backup property. Data are 
presented by media type within specific areas. These stunmary tables 
were developed from the laboratory analytical results which are 
presented under separate cover in four accompanying volumes of this 
report as defined below: 

VOLUME m - PHASE I SOIL AND SURFACE WATER 
LABORATORY REPORTS 

VOLUME IV - PHASE I SOIL AND SURFACE WATER 
QUALITY CONTROL REPORTS 

VOLUME V - PHASE I GROUNDWATER LABORATORY 
AND QUALITY CONTROL REPORTS 

VOLUME VI - PHASE H SOIL AND WATER LABORATORY 
AND QUALITY CONTROL REPORTS 

Page C-1 



Table C- I - Summary of Qeneral/FUl Area SoU Results Sheet I of 4 

Sample Location: 

Date Sampled: 

Sample Depth in feet: 

HC-lS/S-2 

Dec 1989 

5 .0-6 .5 

HC-IS/S-5 

Dec 1989 

5.0-6.5 

HC-2S/S-1 

Dec 1989 

2 .5 -4 .0 

HC-3S/S-2 

Dec 1989 

5 .0-6 .5 

HC-13S/S-2 

Dec 1989 

5 .0-6.5 

HC-14S/S-1 

Dec 1989 

2 .5-4 .0 

HC-17S/S-I 

Dec J989 

2 .5 -4 .0 

HC-17S/S-3 HC-18S/S-I 

Dec J989 Dec 1989 

6 .5 -7 .0 2 .5 -4 .0 

Total Metals 

in mg/kg (ppm) 

Arsenic 

Cadmium 

Chromium 

Copper 

Mercury 

Nickel 

Lead 

Zinc 

3.2 

0.6 

14 

12 

O.I 

4 

12 

16 

U 

Replicate S-2 

3.2 

0.6 

12 

9 

0.1 U 

4 

10 U 

16 

2.8 

1.1 

24 

18 

O.I 

26 

19 

38 

3.1 

1 

12 

8 

O.I 

4 

10 

17 

2.6 

0.6 

17 

16 

O.I 

8 

10 

23 

3.4 

0.9 

16 

18 

0.1 U 

10 

10 U 

26 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Volatile Organic Compounds 

in mg/kg (ppm) 

Vinyl cWoridc 0.002 U 0.002 

Acetone 0.092 U 0.14 

Carbon disulfide 0.002 U 0.002 

trans-1,2-Dichlorocthcne 0.002 U 0.002 

ci8-l,2-Dicbloroethene 0.002 U 0.002 

Total 1,2-Dichlorocthcne 0.002 U 0.002 

2-Butanone (MEK) 0.011 0.021 

Tricldoroethene 0.002 U 0.002 U 

Benzene 0.002 U 0.002 

Toluene 0.002 U 0.002 

Ethylbenzene 0.002 U 0.002 U 

Total Xylene 0.002 U 0.002 U 

U 
U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.002 

0.017 

0.002 

0.002 

0.002 

0.002 

0.005 

0.002 

0.002 

0.002 

0.002 

0.002 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

ft) 
W 

n 
a 
I 

MisceUaneous Psromtcrs 

in mg/kg (ppm) 

GC-FID Screen NA NA 140 NA 62 27 0.5 UJ 0.5 UJ 0.5 UJ 

tJj o 
U) *5 
U\ o 

9 ^ 
o n 



Table C-1 - Summary of General/FUl Area SoU Results Sheet 2 of 4 

Sample Location; 
Date Sampled: 
Sample Depth in feet: 

HC-lS/S-2 
Dec 1989 
5 .0-6 .5 

HC-lS/S-5 
Dec 1989 
5 .0-6 .5 

HC-2S/S-1 
Dec 1989 
2 .5-4 ,0 

HC-3S/S-2 
Dec 1989 
5.0-6.5 

HC-13S/S-2 
Dec 1989 
5 .0-6 .5 

HC-14S/S-I 
Dec 1989 
2 .5 -4 .0 

HC-17S/S-1 
Dec 1989 
2 .5-4 .0 

HC-17S/S-3 
Dec 1989 
6 ,5-7 .0 

HC-I8S/S-I 
Dec 1989 
2 .5-4 .0 

SemivolatUe Organic Compoimds 
in mg/kg (ppm) 
Napthalene 0.086 U 
2-Mcthylnapthalcne 0.043 U 
Acenaptliylene 0.043 U 
Acenapthene 0.043 U 
Dibenzofuran 0.043 U 
Fluorene 0.043 U 
Phenanthrene 0.043 U 
Anthracene 0.043 U 
FluoranUicne 0.043 U 
Pyrene 0.043 U 
Bcnzo(a)anthracen6 0.043 U 
Chrysene 0.043 U 
Bis(2-clhylhexyl)phthalate 0.2 UB 
Di-n-octyl phthalate 0.043 U 
Beiuo(b)fluoranthene 0.086 U 
Benzo(k)nuorantiicne 0.086 U 
Bcnzo(a)pyrene 0.086 U 
lndeno(l,2.3-cd)pyrenc 0.086 U 
Dibenzo(a,h)anthracene 0.086 U 
Benzo(g,h,i)perylene 0.086 U 

Replicate S-2 

0.084 U 

0.042 U 

0.042 U 

0.042 U 

0.042 U 

0.042 U 

0.042 U 

0.042 U 

0.042 U 

0.042 U 

0.042 U 

0.042 U 

0.14 UB 

0.042 U 

0.084 U 

0.084 U 

0.084 U 

0.084 U 

0.084 U 

0.084 U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.079 
0.039 
0.039 
0.039 
0.039 
0.039 
0.039 
0.039 
0.039 
0.039 
0.039 
0,039 
0.59 
0.41 

0.079 
0.079 
0.079 
0.079 
0.079 
0.079 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
B 
U 
U 
U 
U 
U 
U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.069 

0.069 

0.069 

0.069 

NA 

0.069 

0.069 

0.069 

0.069 
0.069 

0.069 

0.069 

NA 

NA 

0.14 

0.14 

0.14 

0.14 

0.14 

0.14 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

0.078 

0.078 

0.078 

0.078 

NA 

0.078 

0.078 

0.078 

0.078 

0.078 

0.078 

0.078 

NA 

NA 
0.16 

0.16 

0.16 

0.16 

0.16 

0.16 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

0.061 

0.061 

0.061 

0.061 

NA 

0.061 

0.061 

0.061 

0.061 

0.061 

0.06J 

0.061 

NA 

NA 

0.12 

0.12 

0.12 

0.12 

0.12 

0.12 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

u 

P 
IN 

n 
I 

ONL-SOIL.WICI 

Notes: 
U 

J 
B 
T 
D 

NA 

Indicates compound was analyzed for but not detected at Ihe given detection limit. 
Indicates an estimated value. 
Indicates analyte was detected in laboratory meihod blaiUi. 
Flagged values represent sum of two co-eluting compounds. 
Value reported derives from analysis of a dUuted sample or sample extract. 
Not analyzed. 
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Table C-1 - Summary of General/FUl Area SoU Resulu Sheet 3 of 4 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

SS-9 FUl 
Dec 1989 

0.0 - 0.25 

SS-IOFUl 
Dec 1989 
0 .0-0 .5 

TPIOI/S-I 
Dec 1989 
2 .0-3 .0 

TP102/S-2 
Dec 1989 
7 .0-8 .0 

TP103/S-2 
Dec 1989 
8.0-9.0 

TP104/S-1 
Dec 1989 
2 .0-3 .0 

TP105/S-2 
Dec 1989 
6 .5-7 .5 

TP106/S-1 
Dec 1989 
2 .0 -3 .0 

TP107/S-1 
Dec 1989 

2 .0 -3 .0 

Total Metals 
in mg/kg (ppm) 
Arsenic 
Cadmium 
Cliromium 
Copper 
Mercury 
Nickel 
Lead 
Zinc 

VolatUe Organic Compounds 
in mg/kg (ppm) 
Vinyl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichlorocthene 
cis-1,2-DiclUoroethcne 
Total 1.2-Dichloroeti>ene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Total Xylene 

7.2 
6.7 
66 

1400 
O.I 
24 

1100 
280 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.7 
0.98 

19 
28 

0.1 
200 

13 
47 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.8 

0.5 U 

10 B 

17 

0.1 U 

4.3 

10 U 

18 B 

1 

0.5 U 

13 B 

14 

0.1 U 

2.8 

10 U 

14 B 

3.7 

0.5 U 

22 B 

30 

0.1 U 

12 

10 U 

36 B 

0.5 U 

0.5 U 

14 B 

9 

0.1 U 

2 U 

10 U 

21 B 

2.2 

0.5 U 

21 B 

15 

O.I U 

18 

10 U 

31 B 

2.3 

0.5 U 

25 B 

14 

O.I U 

26 

10 U 

36 B 

0.002 

0.12 

0.002 

0.002 

0.002 

0.002 

0.005 

0.002 

0.002 

0.002 

0.002 

0.002 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

0.002 

0.13 

0002 

0.002 

0.002 

0.002 

0.005 

0.002 

0.002 

0.002 

0.002 

0.002 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

0.002 

O.I 

0.004 

0.002 

0.002 

0.002 

0.012 

0.002 

0.002 

0.002 

0.002 

0.002 

U 

U 

U 

U 

U 

u 
u 
u 
u 
u 

0.002 

0.048 

0.002 

0.002 

0.002 

0.002 

0.005 

0.002 

0.002 

0.002 

0.002 

0.002 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12 
0.5 U 
27 B 
60 
0.1 U 
19 
43 
65 B 

0.002 U 
0.009 U 
0.002 U 
0.002 U 

0.002 U 
0.002 U 
0.005 U 
0.002 U 

0.002 U 

0.002 U 

0.002 U 

0.002 U 

Id 

m 

I 

Misceilanoous Partunters 
in mg/kg (ppm) 
GC-FID Screen 110 B 30 UB NA NA NA NA 10 U 18 590 

C-I 

i:t 
(/> 
p 
i:i 

X 
to 
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Tab 

Sen 

e C-1 - Summary of General/FUl Area SoU Results 

Sample Location: 
Dale Sampled: 
Sample Depth in feet: 

livolatUe Organic Compounds 
in mg/kg (ppm) 
Napthalene 
2-M6tliyln8pthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluorantliene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethyIhcxyl)phthalat!B 
Di-n-octyl phthalate 
Benzo(b)nuoranthene 
Benzo(k)fl uoranthene 
Benzo(a)pyrene 
lndeno( 1,2,3-cd)pyrene 
Dlbenzo(a, h)anthracene 
Benzo(g,h,i)pcrylene 

SS-9 FUl 
Dec 1989 
0.0 - 0.25 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

SS-iO FUl 
Dec 1989 
0 .0-0 .5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TPlOI/S-1 
Dec 1989 
2 .0-3 .0 

0.081 
0.04 
0,04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

0.081 
0.081 
0.081 
0.081 
0.081 
0.081 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 

TP102/S-2 
Dec 1989 
7 .0-8 .0 

0.082 
0.041 
0.041 
0.041 
0.041 
0.041 
0.041 
0.041 
0.041 
0.041 
0.041 
0.041 
0.041 
0.041 
0.082 
0.082 
0.082 
0.082 
0.082 
0.082 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 

TPI03/S-2 
Dec 1989 
8 .0-9.0 

0.1 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.1 
O.I 

0.17 
0.1 
O.I 
O.I 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 

u 
u 
u 

TP104/S-1 
Dec 1989 
2 .0 -3 .0 

0.074 
0.037 
0.037 
0.037 
0.037 
0.037 
0.037 
0.037 
0.037 
0.037 
0.037 
0.037 
0.037 
0.037 
0.074 
0.074 
0.074 
0.074 
0.074 
0.074 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

TPI05/S-2 
Dec 1989 
6 .5-7 .5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TP106/S-I 
Dec 1989 
2 .0-3 .0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Sheet 4 of 4 

TP107/S-1 
Dec 1989 
2 .0-3 .0 

0.67 
2.1 

0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.16 
0.32 
0.32 
0.32 
0.32 
0.32 
0.32 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

(0 

o 
I 
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Table C-2 - Summary of North Site Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 1 of 6 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC-7S/S-2 HC-8S/S-2 
Dec 1989 Dec 1989 
5.0 - 6.5 5.0 - 6.5 

HC-9S/S-1 
Aug 1990 
2.5-4.0 

HC-9S/S-3 
Aug 1990 
7.5 - 9:0 

HC-19S/S-2 HC-21S/S-1 
Aug 1990 Aug 1990 
5.0 - 6.5 2.5 - 4.0 

Total Metals 
ia mg/kg (ppm) 
Arsemc 
Cadmium 
Chromium 
Copper 
Mercury 
Nickel 
Lead 
Zinc 

3.7 • 
0.5 U 
15 
16 

0.1 U 
10 
10 U 
24 

15 
0.8 
20 
23 

0.1 U 
11 
12 
40 

21 
0.50 

20 
44 
1.3 
30 
24 
53 

U 

B 

2.7 
0.50 U 

19 
24 

0.1 U 
9.3 
10 U 
33 B 

3.4 
0.50 U 

14 
14 

0.1 U 
8.8 
10 U 
35 B 

13 
0.50 U 

15 
23 

0.1 U 
18 
14 
34 B 

EP Toxicity Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

VoUtUe Organic Compounds 
in mg/kg (ppm) 
Vinyl chloride 
Methylene Chloride 
Acetone 

Carbon disulfide 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Bttizene 
Toluene 
Ethylbenzene 
Total Xylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.002 
0.002 
0.086 
0.002 
0.002 
0.002 
0.002 
0.005 
0.002 
0.002 
0.002 
0.002 
0.002 

U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
U 

0.002 
0.002 
0.12 

0.002 
0.002 
0.002 
0.002 
0.023 
0.002 
0.002 
0.002 
0.002 
0.002 

U 

U 
U 
U 
U 

U 
U 
U 

u 
u 

0.007 
0.002 
0.038 
0.002 
0.002 
0.002 
0.002 
0.006 
0.002 
0.002 
0.002 
0.002 
0.002 

U 

U 
U 
U 
U 
U 

u 
u 
u 
u 
u 

0.002 
0.002 
0.048 
0.002 
0.002 
0.002 
0.002 
0.006 
0.002 
0.002 
0.002 
0.002 
0.002 

u 

U 
U 

u 
U 
U 
U 

u 
U 

u 
U 

0.008 
0.002 
0.098 
0.002 
0.002 
0.002 
0.002 
0.006 
0.002 
0.002 
0.002 
0.002 
0.002 

U 

U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
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Table C-2 - Summary of North Site Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 2 of 6 

Sample Location: 
Date Sampled: 
Sample D^>th in feet: 

HC-7S/S-2 HC-8S/S-2 
Dec 1989 Dec 1989 
5.0 - 6.5 5.0 - 6.5 

HCT9S/S-1 

Aug 1990 
2.5 - 4.0 

HC-9S/S-3 
Aug 1990 
7.5 - 9.0 

HC-19S/S-2 HC-21S/S-1 
Aug 1990 Aug 1990 
5.0 - 6.5 2.5 - 4.0 

Semivolatile Orgamc Compounds 
in mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Bcnzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fIuoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyr6ne 
Indeno( 1,2,3-cd)py rene 
Dibenzo(a,h)anthracene 
Benzo(g ,h,i)perylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.38 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
0.19 
2.1 
1.8 

0.27 
0.93 
0.76 
0.55 
0.64 
0.64 
0.38 
0.38 
0.38 
0.38 

U 
U 
U 
U 
U 
U 
U 
U 

UB 

T 
T 
U 
U 

u 
u 

0.048 
0.048 
0.048 
0.048 
0.048 
0.048 

0.3 
0.2 
3.4 

6 
1.6 
3.6 

0.19 
0.048 

2.2 
2.2 

0.72 
0.45 
0.12 
0.72 

U 
U 
U 
U 
U 
U 

U 
T 
T 

0.048 
0.048 
0.048 
0.048 
0.048 
0.048 
0.048 
0.048 
0.048 
0.048 
0.048 
0.048 
0.072 
0.048 
0.048 
0.048 
0.048 
0.048 
0.048 
0.048 

UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UBJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.054 
0.045 
0.83 
0.91 
0.15 
0.42 
0.14 

0.045 
0.25 
0.25 

0.077 
0.045 
0.045 
0.054 

U 
U 

u 
u 
u 
u 

u 

u 
T 
T 

U 
U 

0.092 
0.092 
0.092 

0.17 
0.1 

0.15 
0.42 
0.56 
7.4 
9.8 
2.4 
5.8 

0.17 
0.092 

3.5 
3.5 
1.1 

0.68 
0.25 

1 

U 

u 
u 

U 
T 
T 

GC-FID Screen in mg/kg (ppm) 16 26 NA NA NA NA 

Pesticides/PCBs NA ND NA NA NA NA 

Notes: 
U lodicatet compound wt« analyzed for bat not detected at the given delectioa limit. 

J Indicates an ettimaied value. 

B Indicates analyte wat detected in laboratory method blank. 

T Flagged values repieaent mm of two co-ehoing compounda. 

D Value reported derivei from analyiis of a diluted lample or lample extiact. 

N A Not analyzed. 

N D Not detected at various detectioa limits. 

NSA-SOa.WKI 
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Table C-2 - Summary of North Site Area SoU Results Sheet 3 of 6 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

Total Metals 
in mg/kg (ppm) 
Arsenic 
Cadmium 
Chromium 
Copper 
Mercury 
Nickri 
Lead 
Zinc 

EP Toxicity Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

Volatile Organic Compounds 
in mg/kg (ppm) 
Vinyl chloride 
Methylene Chloride 
Acetone 
Carbon disulfide 
trans-1.2-Dichloroethene 
cis-1,2-Dichloroeth6ne 
Total 1.2-Dichloroethene 
2-Butanone (MEK) 
T richloroethene 
Benzene 
Toluene 
Ethylbenzene 
Total Xylene 

HC-22S/S-1 
Aug 1990 
2.5 - 4.0 

4.3 
0.50 

26 
52 

0.1 
14 
10 
40 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.002 
0.002 
0.052 
0.002 
0.002 
0.002 
0.002 
0.007 

0.002 
0.002 
0.002 
0.002 
0.002 

U 

U 

U 
B 

U 

u 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

SS-4 
Dec 1989 
0.0 - 0.25 

760 
6.3 

2.100 
1.200 

0.1 
1,100 
1.200 
2.500 

0.2 
0.2 

0.01 
0.1 
0.4 
0.1 

0.005 
0.6 
1.6 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

u 

UJ 

U 
UJ 
J 
UJ 
U 

J 

SS-5 
Dec 1989 
0.0 - 0.25 

12 
20 

160 
2,600 

0.1 U 
8 

650 
8,200 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

SS-6 
Dec 1989 
0.0 - 0.25 

420 
6.2 

2,700 
660 
0.1 

1.000 
660 

1,900 

0.4 
0.4 

0.02 
0.1 
1.8 
0.1 

0.005 
0.2 
6.4 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

U 

J 

UJ 
J 
UJ 

u 

J 

TP113/S-1 
Dec 1989 
2.0 - 3.0 

2.7 
0.5 
15 
20 

0.1 
8.9 
14 
25 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.002 
0.002 
0.31 

0.002 
0.002 
0.002 
0.002 
0.005 
0.002 
0.002 
0.002 
0.002 
0.002 

U 
B 

U 

B 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

TP114/S-1 
Dec 1989 
2.0 - 3.0 

20 
0.67 

18 
31 

0.5 
22 
14 
48 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.002 
0.002 

0.26 
0.002 
0.002 
0.002 

. 0.002 
0.036 
0.002 
0.002 
0.002 
0.002 
0.002 

B 

B 

U 
U 

u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
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Table C-2 - Summary of North Site Area SoU Results Sheet 4 of 6 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC-22S/S-1 
Aug 1990 
2.5 - 4.0 

S S ^ 
Dec 1989 
0.0 - 0.25 

SS-5 
Dec 1989 
0.0 - 0.25 

SS-6 
Dec 1989 
0.0 - 0.25 

TP113/S-1 
Dec 1989 
2.0 - 3.0 

TP114/S-1 
Decl989 
2 .0 -3 .0 

Semivolatile Organic Compotmda 
m mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acraapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)iluoranthene 
Beiizo(a)pyrene 
Indeno( 1,2,3-cd)py rene 
Dibcnzo(a,h)anthraccne 
Benzo(g,h,i)perylene 

Misceilanoous Parameters 
GC-HD Screen in mg/kg (ppm) 

Pesticides/PCBs 

0.055 
0.055 
0.055 
0.055 
0.055 
0.055 
0.055 
0.055 
0.055 
0.055 
0.055 
0.055 
0.12 

0.055 
0.055 
0.055 
0.055 
0.055 
0.055 
0.055 

NA 

NA 

UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UBJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

4 
0.8 

0.08 
3 

0.6 
3 
9 
3 

50 
40 

2 
7 

0.1 
0.06 

70 
70 

3 
4 
2 
7 

510 

NA 

U 

D 
D 
D 
D 
D 
D 
UB 
B 
TD 
TD 
D 

B 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

62 UB 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA ^ 
NA 

150 B 

NA 

0.084 
0.042 
0.042 
0.042 
0.042 
0.042 
0.042 
0.042 
0.27 
0.23 

0.049 
0.13 
0.11 

0.042 
0.084 
0.084 
0.084 
0.084 
0.084 
0.084 

NA 

ND 

U 
U 
u 
u 
u 
u 
u 
u 

UB 
U 
U 
U 
u 
u 
u 
u 

0.2 U 
0.1 U 
0.1 u 
0.1 u 
0.1 u 
0.1 u 

0.35 
0.22 
5.5 
8.5 
2.2 
4.6 

0.13 UB 
0.1 U 
3.1 T 
3.1 T 

0.86 
0.54 
0.2 U 

0.69 

NA 

ND J 

MSA-son. WKI 
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Table C-2 - Summary of North Site Arca SoU ResiUts 

Hart Crowser 
J-2350-07 

Sheet 5 of 6 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP115/S-1. 
Dec 1989 
2 .0-3 .0 

TP116/S-2 
Dec 1989 
5.0 - 6.0 

TP117/S-1 
Dec 1989 
1.0-2.0 

TP118/S-1 
Dec 1989 
1.0-2.0 

TP119/S-2 
Dec 1989 
3.5 - 4.5 

Total Metals 
in mg/kg (ppm) 
Arsniic 
Cadmium 
Chromium 
Copper 
Mercury 
Nickel 
Lead 
Zinc 

26 J 
1.3 
25 B 
54 

0.4 
38 
26 
55 B 

27 
1.9 
26 

170 
2 

160 
47 
75 

J 

B 

B 

9.6 J 
0.5 U 
12 B 

9.9 
0.1 U 
2.2 
10 U 
37 B 

16 J 
2.4 
31 B 
55 

0.1 U 
27 
68 

120 B 

11 J 
0.5 U 
34 B 
37 

0.1 U 
26 
17 
86 B 

EP Toxicity Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Volatile Organic Compounds 
in mg/kg (ppm) 
Vinyl chloride 
Methylene Chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichlorocthene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Total Xylene 

0.003 
0.003 
0.085 
0.003 
0.003 
0.003 
0.003 
0.008 
0.003 
0.003 
0.003 
0.003 
0.003 

U 

u 
u 
u 
u 

u 
u 
u 
u 
u 
u 

0.002 
0.002 
0.18 

0.002 
0.002 
0.008 
0.01 

0.007 
0.002 
0.002 
0.002 
0.002 
0.002 

U 
U 
U 
U 

U 

u 
u 
u 
u 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-2 - Summary of North Site Area SoU Results Sheet 6 of 6 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP115/S-I 
Dec 1989 
2.0 - 3.0 

TP116/S-2 
Dec 1989 
5.0-6.0 

TP117/S-1 
Dec 1989 
1.0-2.0 

TP118/S-1 
Dec 1989 
1.0-2.0 

TP119/S-2 
Dec 1989 
3 .5-4 .5 

Semivdatile Organic Compounds 
ia mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
B«izo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylenc 

Miscellaneous Parameters 
GC-FID Screen in mg/kg (ppm) 

Pesticides/PCBs 

0.11 
0.057 
0.057 
0.083 
0.057 
0.057 

0.5 
0.58 

11 
15 

3.6 
8 

0.22 
0.057 

4.8 
4.8 
l.l 

0.68 
0.17 
0.94 

-

NA 

ND 

u 
u 
u 

u 
u 

D 
D 
D 
D 
UB 
U 
T 
T 

0.1 
0.052 
0.052 
0.052 
0.052 
0.092 

1.6 
0.44 
3.1 
3.5 
1.3 
1.8 

0.13 
0.052 

1.9 
1.9 

0.51 
0.32 
0.13 
0.34 

NA 

ND 

U 
U 
U 
U 
U 

UB 
U 
T 
T 

-

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 U 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 U 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 U 

NA 

NSA-SOIUWKl 
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Table C-3 - Summary of Ohio Ferro-Alloy/Pennwalt Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 1 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC^tS/S-1 
Dec 1989 
2 .5 -4 .0 

HC-4S/S-2 
Dec 1989 
5 .0-6 .5 

HC-5S/S-1 
Dec 1989 
2.5 - 4.0 

HC-5S/S-2 
Dec 1989 
5.0 - 6.5 

HC-6S/S-1 
Dec 1989 
2 .5 -4 .0 

HC-lOS/S-1 
Dec 1989 
2 .5 -4 .0 

Total Metaia 
in mg/kg (ppm) 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

0.8 
0.5 U 
22 
20 
10 U 

NA 
0.1 U 
13 

NA 
NA 
32 

2.1 
0.5 
14 

13 
10 

NA 
0.1 
8.0 
NA 
NA 
22 

U 

U 

U 

22 
1.1 
49 
66 
18 

NA 
0.2 
49 

NA 
NA 
75 

29 
1.2 
26 
45 
13 

NA 
0.4 
30 

NA 
NA 
50 

100 
0.7 
14 
11 
10 

NA 
0.1 

5 
NA 
NA 

18 

U 

U 

28 
1.5 
32 
51 
17 

NA 
1.6 
24 

NA 
NA 
45 

EP Toxicity Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.2 
0.1 

0.01 
0.1 
0.1 
0.1 

0.005 
0.1 
0.1 

UJ 
U 
U 
UJ 
UJ 
UJ 

u 
u 
UJ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TCLP Metals 
in mg/L (ppm) 
Arsemc 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
saver 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 2 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC-4S/S-1 
Dec 1989 
2.5 - 4.0 

HC-4S/S-2 
Dec 1989 
5.0-6.5 

HC-5S/S-1 
Dec 1989 
2.5 - 4.0 

HC-5S/S-2 
Dec 1989 
5.0 - 6.5 

HC-6S/S-I 
Dec 1989 
2.5 - 4.0 

HC-lOS/S-1 
Dec 1989 
2.5 - 4.0 

Vcdatile Organic Compotmds 
ia mg/kg (ppm) 
Vinyl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroethene 
ci«-1,2-Dichloroethene 
Total 1,2-Dichlorocthene 
2-Butanone (MEK) 
1,2-Dichloroethane 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Total Xylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.002 
0.062 
0.002 
0.002 
0.002 
0.002 
0.005 
0.002 
0.002 
0.002 
0.002 
0.002 
0.005 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.002 
0.3 

0.002 
0.002 
0.002 
0.002 
0.054 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 

U 
U 
U 
U 
U 
U 

U 
U 
U 
U 

u 
u 

0.002 
0.019 
0.002 
0.002 
0.002 
0.002 
0.005 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 

u 
u 
u 
u 
U 
U 
U 
U 
U 
U 
U 

u 
u 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

%t!iii 

Semivoladle Organic Compoimds 
in mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 

Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h.i)peTylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 3 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC^;S/S-1 
Dec 1989 
2 .5-4 .0 

HC-4S/S-2 
Dec 1989 
5.0 - 6.5 

HC-5S/S-1 
Dec 1989 
2.5 - 4.0 

HC-5S/S-2 
Dec 1989 
5.0-6.5 

HC-6S/S-1 
Dec 1989 
2.5 - 4.0 

HC-lOS/S-1 
Dec 1989 
2.5 - 4.0 

TCLP Polynuclear Aromatic 
Hyditxarbons in mg/kg {ppm) 
Napthalene NA NA NA NA NA NA 
Acenapthylene NA NA NA NA NA NA 
Acenapthene NA NA NA NA NA NA 
Fluorene NA NA NA NA NA NA 
Phenanthrene NA NA NA NA NA NA 
Anthracrae NA NA NA NA • NA NA 
Fluoranthene NA NA NA NA NA NA 
Pyrene NA NA NA NA NA NA 
Beazo(a)anthracene NA NA NA NA NA NA 
Chrysene NA NA NA NA NA NA 
Benzo(b)fluoranthene NA NA NA NA NA NA 
Benzo(k)fluoranthene NA NA NA NA NA NA 
Benzo(a)pyrene NA NA NA NA NA NA 
Dibenzo(a,h)anthraccnc NA NA NA NA NA NA 
Benzo(g,h,i)perylene NA NA NA NA NA NA 
Indeno(l,2,3-cd)pyrene NA NA NA NA NA NA 

Miscellaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 44 21 60 
GC-FID Screen 8015 Modified NA NA NA 
GC-FID Screen 8015 Modified (a) NA NA NA 
TPH (418.1) NA NA NA 

Organophosphorous Pesticides ND ND ND 

Chlorinated Herbicides ND R ND R ND R 

36 
NA 
NA
NA 

ND J 

ND R 

10 
NA 
NA 
NA 

NA 

NA 

79 
NA 
NA 
NA 

NA 

NA 

Pesticides/PCBs 
in mg/kg (ppm) 
4,4'-DDE 
4,4'-DDD 
4,4'-DDT 

0.02 U 
0.02 U 
0.02 U 

0.02 U 
0.02 U 
0.02 U 

0.023 U 
0.023 U 
0.023 U 

0.024 U 
0.024 U 
0.024 U 

NA 
NA 
NA 

NA 
NA 
NA 

Notes: 
U Indicates compound was analyzed for but DM detected at the given detectioa limit. 

J Indicates an eHimatBd vatae. 

B Indicates analyte wa> detected in laboratoty metiiod blank. 

T Flagged value* repieaeni mm of two co-ehaing compound*. 

D Value reported derive* from analyst* of a diluted aampie or aample extract. 

R Dau wa* uauaeable baaed on dau validation ciiteiia. 

(a) After lilica gel cleanup. 

(b) Analyzed u»ing GC-MS (EPA method 8270). 

NA Not analyzed. 

ND Not detected at variou* detection limit*. 

OFA-aOlUWKl 
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Table C-3 - Summary of Ohio Ferro-AUoy/Peimwalt Area SoU Results Sheet 4 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC-lOS/S-7 HC7IIS/S-I 
Dec 1989 Dec 1989 
2.5-4.0 2.5-4.0 

HC-12S/S-2 
Dec 1989 
5.0 - 6.5 

HC-15S/S-1 
Dec 1989 
2.5 - 4.0 

HC-15S/S-3 HC-16/S-1 
Dec 1989 Dec 1989 
7.5 - 9.0 2.5 - 4.0 

1.2 
31 
62 
18 

NA 
0.6 
30 

NA 
NA 
48 

0.5 
3,000 

11 
10 

NA 
0.1 
31 

NA 
NA 

13 

U 

U 

U 

2.2 
570 
370 
45 

NA 
0.1 U 
190 
NA 
NA 
77 

0.6 
17 
11 
10 

NA 
0.1 
6.1 
NA 
NA 
85 

U 

U 

1.4 
21 
35 
10 

NA 
0.1 
16 

NA 
NA 
42 

U 

U 

0.8 
470 

81 
23 

NA 
0.1 
42 

NA 
NA 
69 

R^licate S-1 
Total Metals 

ia mg/kg (ppm) 
Arsenic 33 3 1.9 J 4.2 J 4 J 7 J 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 0.6 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 
Nickel 
Selenium 
SUver 
Zinc 

EP Toxicity Metals 
in mg/L (ppm) 
Arsenic NA 0.2 UJ NA NA NA NA 
Barium NA 0.2 NA NA NA NA 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

TCLP Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.01 U 
O.I UJ 
0.1 UJ 
0.1 UJ 

0.005 U 
0.2 
0.1 J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC-lOS/S-7 HC-11 S/S-1 
Dec 1989 Dec 1989 
2 .5 -4 .0 2 .5-4 .0 

HC-12S/S-2 HC-15S/S-1 
Dec 1989 Dec 1989 
5.0 - 6.5 2.5 - 4.0 

HC-15S/S-3 HC-16/S-1 
Dec 1989 Dec 1989 
7 .5 -9 .0 2 .5 -4 .0 

Volatile Organic Compounds 
in mg/kg (ppm) 
Vinyl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Biitanone (MEK) 
1,2-Dichloroethane 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Total Xylene 

SemivolatUe Organic Compounds 
in mg/kg (ppm) 
Napthalene 
2-Methylnapfh«lene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 
Benzo(a)anthTaccne 
Chrysene 
Bis(2-cthylhcxyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluorantbene 
Benzo(a)pyrene 
Indeno(l ,2,3-cd)pyrene 
Dibenzo(a.h)anthraccne 
Benzo(g,h,i)perylene 

RepUcate S-1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Sample Locsition: 
Date Sampled: 
Sample Depth in feet: 

HC-lOS/S-7 HC-llS/S-1 HC-12S/S-2 HC-15S/S-1 HC-I5S/S-3 HC-16/S-1 
Dec 1989 Dec 1989 Dec 1989 Dec 1989 Dec 1989 Dec 1989 
2 .5-4 .0 2 .5-4.0 5.0-6.5 2 .5-4 .0 7 .5-9 .0 2 .5 -4 .0 

TCLP Ptdynuclcar Aromatic 
Hydrocarbons ia mg/kg (ppm) 
Napthalene 
Acenapthylene 
Acenapthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Beiizo(k)fluoranthene 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
B«izo(g,h,i)pcrylene 
Inda»o( 1,2.3-cd)pyr6ne 

MisceUaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

RepUcate S-1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

110 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

290 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

16 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 U 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

68 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

47 
NA 
NA 
NA 

Organc^hosphorous Pesticides 

Chlorinated Herbicides 

Pesticides/PCBs 
ia mg/kg (ppm) 
4,4--DDE 
4,4'-DDD 
4,4'-DDT 

NA 

NA 

ND 

ND R 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

OFA-SOIL.WK1 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC-23 S-1 
Oct 1990 
2.5 - 4.0 

HC-23 S-3 
Oct 1990 
7.5 - 9.0 

HC-24 S-1 
Oct 1990 
2 J - 4.0 

HC-24 S-3 
Oct 1990 
.6.5 - 8.0 

HC-24 S-4 
Oct 1990 
2.5 - 4.0 

HC-25 S-I 
Oct 1990 
2 .5 -4 .0 

Total Metals 
ia mg/kg (ppm) 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

12 
1.0 U 
12 

6.7 
10 U 
59 

0.1 
4.7 
NA 
NA 
20 

12 
1.1 
12 

9.8 
10 U 
72 

0.1 
11 

NA 
NA 
23 

3.8 
1.0 U 
12 

5.6 
10 U 
61 

0.1 
5.7 
NA 
NA 

16 

4.1 
1.2 
17 
21 
10 U 
99 

0.2 
13 

NA 
NA 
35 

R^Ucate S-1 

10 
1.0 
11 
27 
10 
88 

0.1 
7.2 
NA 
NA 
20 

U 

U 

6.3 
1.0 U 
14 
10 
10 U 
60 

0.1 
5.5 
NA 
NA 
22 

EP Toxicity Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

. NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

•TCLP Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Peimwalt Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 8 of 42 

''!'Sii' 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC-23 S-l 
Oct 1990 
2.5 - 4.0 

HC-23 S-3 
Oct 1990 
7.5 - 9.0 

HC-24 S-1 
Oct 1990 
2.5-4.0 

HC-24 S-3 
Oct 1990 
6.5 - 8.0 

HC-24 S-4 
Oct 1990 
2.5 - 4.0 

HC-25 S-1 
Oct 1990 
2.5 - 4.0 

Volatile Organic Compounds 
in mg/kg (ppm) 
Viayl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
1,2-Dichloroethane 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Total Xylene 

Semivolatile Organic Compoimds 
in mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 

Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fl uoranthene 
B«izo(«)pyrene 
Indeno(l ,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Replicate S-1 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC-23 S-1 
Oct 1990 
2.5 - 4.0 

HC-23 S-3 
Oct 1990 
7.5 - 9.0 

HC-24 S-1 
Oct 1990 
2.5 - 4.0 

HC-24 S-3 
Oct 1990 
6.5 - 8.0 

HC-24 S-4 
Oct 1990 
2.5 - 4.0 

HC-25 S-l 
Oct 1990 
2.5 - 4.0 

TCLP Polynuclear Aromatic 
Hydrocarbons in mg/kg (ppm) 
Napthalene NA NA NA 
Acenapthylene NA NA NA 
Acenapthene NA NA NA 
Fluorene NA NA ' NA 
Phenanthrene NA NA NA 
Anthracene NA NA NA 
Fluoranthene NA NA NA 
Pyrene NA NA NA 
Benzo(a)anthracene NA NA NA 
Chrysene NA NA NA 
Benzo(b)fluoranth6ne NA NA NA 
Benzo(k)fluoranthene NA NA NA 
Benzo(a)pyrene NA NA NA 
Dibenzo(a,h)anthracene NA NA NA 
Benzo(g,h.i)perylene NA NA NA 
Indeno(l,2,3-cd)pyrene NA NA NA 

NA 
NA 
NA 
NA 
NA 
NA • 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Replicate S-l 

NA 
NA 
NA 
NA 
NA 

• NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Miscellaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

Organophosphorous Pesticides 

Chlorinated Herbicides 

Pesticides/PCBs 
ia mg/kg (ppm) 
4,4'-DDE 
4,4'-DDD 
4,4'-DDT 

12 U 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

13 U 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

12 U 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

15 U 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

12 U 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

12 U 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

0FA-301L.WX1 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC-25 S-3 
Oct 1990 
6.5 - 8.0 

HC-26 S-l 
Oct'1990 
2.5 - 4.0 

HC-26 S-2 
Oct 1990 
5.0 - 6.5 

SS-2 
Dec 1989 
0 .0-0 .5 

SS-17 
Dec 1989 
0.0 - 0.5 

SS-3 
Dec 1989 
0.0 - 0.5 

Total Metals 
in mg/kg (ppm) 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

8.2 
1.2 
18 
26 
16 

110 
0.1 U 
12 

NA 
NA 
32 

3.5 
I.O 
14 
16 
10 
63 

O.I 
8.6 
NA 
NA 
27 

U 

U 

U 

6.6 
1.3 
17 
21 
10 U 

110 
0.1 
11 

NA 
NA 
30 

130 
1.3 

no 
310 
130 
NA 
0.1 u 
270 
NA 
NA 
310 

Duplicate SS-2 

110 
1.4 
95 

270 
10 

NA 
0.1 
31 

NA 
NA 
290 

U 

U 

210 
1.3 
75 

320 
160 
NA 
0.1 
28 

NA 
NA 
420 

U 

EP Toxicity Metals 
ia mg/L (ppm) 
Arsoiic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.2 UJ 
0.2 

0.01 U 
0.1 UJ 
0.1 UJ 
0.1 UJ 

0.005 U 
0.1 U 
0.4 J 

TCLP Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC-25 S-3 
Oct 1990 
6.5 - 8.0 

HC-26 S-l 
Oct 1990 
2.5-4.0 

HC-26 S-2 
Oct 1990 
5.0-6.5 

SS-2 
Dec 1989 
0.0 - 0.5 

SS-17 
Dec 1989 
0.0 - 0.5 

SS-3 
Dec 1989 
0.0 - 0.5 

VolatUe Organic Compotmds 
in mg/kg (ppm) 
Vinyl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
1,2-Dichloroethane 
Trichloroethene 
Boaene 
Toluene 
Ethylbenzene 
Total Xylene 

Semivolatile Organic Compoimds 
in mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethyUiexyl)phthalate 
Di-n-octyl phthalate 
Bcnzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2.3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h.i)perylcne 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

DupUcate 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

SS-2 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results Sheet 12 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

HC-25 S-3 
Oct 1990 
6.5 - 8.0 

HC-26 S-l 
Oct 1990 
2.5-4.0 

HC-26 S-2 
Oct 1990 
5.0 - 6.5 

SS-2 
Dec 1989 
0.0 - 0.5 

SS-17 
Dec 1989 
0.0 - 0.5 

SS-3 
Dec 1989 
0.0 - 0.5 

TCLP Polynuclear Aromatic 
Hydrocarbons ia mg/kg (ppm) 
Napthaloie 
Acenapthylene 
Acenapthene 
Fluorene 
Phenanthrene 
Anthracene . 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 
Indeno(l ,2,3-cd)pyrene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Duplicate SS-2 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Miscellaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

Orgaiu^>hosphorous Pesticides 

Chlorinated Herbicides 

Pesticides/PCBs 
ia mg/kg (ppm) 
4,4'-DDE 
4,4'-DDD 
4,4--DDT 

18 U 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

13 U 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

15 U 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

360 B 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

270 B 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

170 B 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

0FA-90U-WK1 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

Total Metals 
in mg/kg (ppm) 
Arsenic 
Cadzztium 
Chromium 
Ct^iper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

EP Toxicity Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

TCLP Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

SS-7 
Dec 1989 
0.0 - 0.25 

33 
8.3 
44 

150 
140 
NA 
0.1 
33 

NA 
NA 
360 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

SS-100 
Sept 1990 
0.0 - 0.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

SS-200 
Sept 1990 
0.0 - 0.5 

SS-101 
Sept 1990 
0 .0 -0 .5 

Duplicate SS-100 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

SS-102 
Sept 1990 
0.0 - 0.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
•NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 
NA 
NA 
NA 

Hart Crowser 
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Sheet 13 of 42 

SS-103 
Sept 1990 
0.0 - 0.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU ResiUts 

Volatile Organic Compounds 
in mg/kg (ppm) 
Vinyl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
1.2-Dichloroethane 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Total Xylene 

0.013 
1.2 

0.013 
0.013 
0.013 
0.013 
0.082 
0.013 
0.013 
0.013 
0.013 
0.013 
0.013 

U 

U 
U 
U 
U 

U 
U 
U 
U 
U 
U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Duplicate SS-100 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Hart Crowser 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

SS-7 
Dec 1989 
0.0 - 0.25 

SS-100 
Sept 1990 
0.0 - 0.5 

SS-200 
Sept 1990 
0.0 - 0.5 

SS-101 
Sept 1990 
0.0 - 0.5 

SS-102 
Sept 1990 
0.0 - 0.5 

SS-103 
Sept 1990 
0.0 - 0.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

•'ijiiĵ s" 

SemivolatUe Organic Compoimds 

ia mg/kg (ppm) 

Napthalene 

2-Methylnapthalene 

Acenapthylene 

Acenapthene 

Dibenzofuran 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

Benzo(a)anthracene 

Chrysene 

Bis(2-ethyUiexyl)phthalate 

Di-n-octyl phthalate 

Benzo(b)fluoranthene 

Baizo(k)fluoranthene 

Benzo(a)pyrene 

Indeno( 1,2,3-cd)pyrenc 

Dibetizo(a,h)anthracene 

Benzo(g,h,i)perylene 

0.5 
0.25 

0.25 

0.25 
0.25 
0.25 
0.32 
0.25 
0.53 
0.65 
0.25 
0.54 
4.1 

0.46 
1.3 
1.3 
0.5 
0.5 
0.5 
0.5 

U 
U 
U 

u 
u 
u 

u 

u 

UB 
B 
T 
T 
U 
U 

u 
u 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.13 
NA 

0.26 
0.26 
NA 

0.070 
0.31 

0.061 
0.10 
0.64 
0.27 
0.41 
NA 
NA 

0.27 
0.12 
0.33 
0.24 

0.051 
0.29 

u 

U 
U 

U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

SS-7 
Dec 1989 
0.0 - 0.25 

SS-100 
Sept 1990 
0.0 - 0.5 

SS-200 
Sept 1990 
0.0 - 0.5 

SS-101 
Sept 1990 
0.0 - 0.5 

SS-102 
Sept 1990 
0.0 - 0.5 

SS-103 
Sept 1990 
0.0 - 0.5 

Duplicate SS-100 
TCLP Ptdynuclear Aromatic 

Hydrocarbons in mg/kg (ppm) 
Napthalene NA NA 
Acenapthylene NA NA 
Acoiapthene NA NA 
Fluorene NA NA 
Phenanthrene NA NA 
Anthracene NA NA 
Fluoranthene NA NA 

Pyrene NA NA 
Benzo(a)anthracene NA NA 
Chrysene NA NA 
Benzo(b)fluoranthene NA NA 
Benzo(k)fluoranthene NA NA 
Benzo(a)pyrene , NA NA 
Dibenzo(a,h)anthracene NA NA 
Ben2o(g,h,i)pcrylene NA NA 
Indeno(l,2,3-cd)pyrene NA NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

MisceUaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

Organophosphorous Pesticides 

Chlorinated Herbicides 

Pesticides/PCBs 
ia mg/kg (ppm) 
4,4'-DDE 
4,4'-DDD 
4,4*-DDT 

250 B 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
100 J 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
300 J 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
300 J 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
300 J 
200 J 
620 J 

NA 

NA 

NA 
NA 
NA 

NA 
300 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

0PA-3O1L.W1C1 
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Sample Location: 

Date Sampled: 

Sample Depth in feet: 

SS-104 

Sept 1990 

0.0 - 0.5 

SS-105 

Sept 1990 

0.0 - 0.5 

SS-TCLP-1 

Oct 1990 

0.0 - 2.0 

SS-TCLP-2 SS-TCLP-3 SS-TCLP-4 

Oct 1990 Oct 1990 Oct 1990 

0 .0-2 .0 0 .0-2 .0 0 .0-1 .0 

'm 

Total Metals 

in mg/kg (ppm) 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

SUver 

Zinc 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

50 

0.97 

120 

150 

130 

NA 

0.1 U 

26 

NA 

NA 

260 

240 

2.2 

64 

360 

190 

NA 

0.2 

43 

5.0 

1.0 

360 

J 

U 

u 

180 

1.9 

76 

260 

150 

NA 

0.1 

26 

5.0 

1.0 

320 

J 

U 

U 

150 

1.9 

150 

300 

180 

NA 

0.1 

34 

5.0 

I.O 

350 

J 

U 

u 

170 J 

1.7 

IOO 

240 

120 

NA 

0.1 U 

25 

5.0 U 

1.0 U 

280 

EP Toxicity Metals 

in mg/L (ppm) 

Arsetiic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Zinc 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

TCLP Metah! 

in mg/L (ppm) 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

SUver 

Zinc 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.42 

0.39 

O.OIO 

O.IO 

0.10 

0.10 

0.005 

0.10 

0.20 

O.IO 

0.52 

U 

U 

U 

U 

U 

U 

U 

U 

0.20 

0.51 

0.010 

0.10 

0.10 

0.10 

0.005 

0.10 

0.20 

O.IO 

0.44 

U 

U 

U 

U 

U 

U 

U 

U 

U 

0.20 

0.54 

0.010 

O.IO 

0.10 

0.10 

0.005 

0.10 

0.20 

0.10 

0.45 

U 

U 

U 

U 

U 

U 

U 

U 

U 

0.20 U 

0.54 

O.OIO U 

O.IO U 

0.10 U 

0.10 U 

0.005 U 

0.10 U 

0.20 U 

0.10 U 

0.50 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

SS-104 
Sept 1990 
0.0 - 0.5 

SS-105 
Sept 1990 
0 .0-0 .5 

SS-TCLP-1 
Oct 1990 
0.0 - 2.0 

SS-TCLP-2 SS-TCLP-3 SS-TCLP-4 
Oct 1990 Oct 1990 Oct 1990 
0 .0-2 .0 0 .0-2.0 0 . 0 - 1.0 

VdatUe Organic Compounds 
ia mg/kg (ppm) 
Viayl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
1,2-Dichloroethane 
Trichloroethene 
Benzene 
Toluene 
F^hylbenzene 
Total Xylene 

SemivolatUe Organic Compoimds 
in mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
B6nzo(a)aLnthracene 
Chrysene 
Bis(2-ethyUiexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fiuoranthene 
Benzo(k)fluorEmthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrenc 
Diben2o(a ,h)anthracene 
Benzo(g,h,i)perylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.83 U 
NA 
1.7 U 
1.7 U 

NA 
1.5 
4.5 
1.5 

0.17 U 
24 

8.2 
9.4 
NA 
NA 
5.6 
3.0 
10 

6.4 
0.34 U 

6.0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Perm wait Area SoU Results 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

SS-104 
Sept 1990 
0.0 - 0.5 

SS-105 
Sept 1990 
0.0 - 0.5 

SS-TCLP-l 
Oct 1990 
0.0 - 2.0 

SS-TCLP-2 SS-TCLP-3 SS-TCLP-4 
Oct 1990 Oct 1990 Oct 1990 
0 .0-2 .0 0 .0 -2 .0 0 .0- I .O 

TCLP Polynuclear Aromatic 
Hydrocarbons in mg/kg (ppm) 
Napthaleaie NA NA NA NA NA NA 
Acenapthylene NA NA NA NA NA NA 
Acenapthene NA NA NA NA NA NA 
Fluorene NA NA NA NA NA NA 
Phenanthrene NA NA NA NA NA NA 
Anthracene NA NA NA NA NA NA 
Fluoranthene NA NA NA NA NA NA 
Pyrene NA NA NA NA NA NA 
Benzo(a)anthracene NA NA NA NA NA NA 
Chrysene NA NA NA NA NA NA 
Benzo(b)fluoranthene NA NA NA NA NA NA 
Benzo(k)fluoranthene NA NA NA NA NA NA 
Benzo(a)pyrene NA NA NA NA NA NA 
Dibenzo(a,h)anthracene NA NA NA NA NA NA 
Benzo(g,h,i)perylene NA NA NA NA NA NA 
Indeno(I,2.3-cd)pyrene NA NA NA NA NA NA 

Miscellaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

Organc^hosphorous Pesticides 

Chlorinated Herbicides 

Pesticidea/PCBs 
ia mg/kg (ppm) 
4,4'-DDE 
4,4'-DDD 
4,4--DDT 

NA 
500 J 
300 J 

1,500 J 

NA 

NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA , 

NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

OPA-SCHUWri 

Page, c-29 



Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 19 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

SS-TCLP-5 TP108/S-2 TP109/S-1 TPIlO/S-2 
Oct 1990 Dec 1989 Dec 1989 Dec 1989 
0 .0 -2 .0 2 .5-3 .5 2 .5-3.5 3 .0-4 .0 

TPlll /S-1 TPH2/S-1 
Dec 1989 Dec 1989 
2.0 - 3.0 2.0 - 3.0 

Total Metals 
in mg/kg (ppm) 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

63 J 
1.4 
57 

240 
99 

NA 
0.1 
24 

5.0 U 
1.0 U 
190 

90 
0.54 

27 
49 
22 

NA 
1.4 
22 

NA 
NA 
38 

B 

B 

4.5 
0.5 
13 

9.7 
10 

NA 
0.1 
7.7 
NA 
NA 
34 

U 
B 

U 

U 

B 

69 
1.9 
30 
42 
23 

NA 
0.2 
290 
NA 
NA 
56 

B 

B 

23 
1.1 
17 
34 

220 
NA 
0.1 
10 

NA 
NA 
46 

B 

U 

B 

33 
1 

17 B 
25 
45 

NA 
0.1 U 
14 

NA 
NA 
120 B 

EP Toxicity Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.2 
0.1 

0.01 
0.1 
0.1 
0.1 

0.005 
O.I 
0.1 

UJ 

U 
UJ 
UJ 
UJ 
U 

u 
UJ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TCLP Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

0.20 U 
0.71 

0.010 U 
O.IO U 
0.10 U 
O.IO U 

0.005 U 
0.10 U 
0.20 U 
0.10 U 
0.55 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

SS-TCLP-5 TP108/S-2 
Oct 1990 Dec 1989 
0.0 - 2.0 2.5 - 3.5 

TP109/S-1 
Dec 1989 
2.5 - 3.5 

TPllO/S-2 
Dec 1989 
3.0-4.0 

TPlll /S-1 
Dec 1989 
2.0 - 3.0 

TP112/S-1 
Dec 1989 
2 .0 -3 .0 

VolatUe Organic Compounds 
ia mg/kg (ppm) 
Viayl chloride 
Acetone 
Carbon disulfide 
trans-1,2-DichloroethMie 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
1,2-Dichloroethane 
Trichloroethene 
Benzene 
Toluene 
F.thylbenzene 
Total Xylene 

SemivolatUe Organic Compounds 
in mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethyUiexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l ,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Bea2o(g,h,i)perylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.002 U 
0.086 U 
0.002 U 
0.002 U 
0.002 U 
0.002 U 
0.005 U 
0.002 U 
0.002 U 
0.002 U 
0.002 U 
0.002 U 
0.002 U 

0.077 U 
0.039 U 
0.039 U 
0.039 U 
0.039 U 
0.039 U 

0.29 
0.057 
0.18 
0.27 
0.15 
0.14 

0.053 U 
0.039 U 

0.2 T 
0.2 T 

0.12 
0.084 
0.077 U 
0.08 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 2 Iof 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

SS-TCLP-5 TP108/S-2 TP109/S-1 TPllO/S-2 TPllI/S-1 TP112/S-1 
Oct 1990 Dec 1989 Dec 1989 Dec 1989 Dec 1989 Dec 1989 
0.0-2.0 2.5-3.5 2 .5-3 .5 3.0-4.0 2 .0 -3 .0 2 .0 -3 .0 

TCLP Polynuclear Aromatic 
Hydrocarbons in mg/kg (ppm) 
Napthaltme NA NA NA NA NA NA 
Acenapthylene NA NA NA NA NA NA 
Acenapthene NA NA NA NA NA NA 
Fluorene NA NA NA NA NA NA 
Phenanthrene NA NA NA NA NA NA 
Anthracene NA NA NA NA • NA NA 
Fluoranthene NA NA NA NA NA NA 
Pyrene NA NA NA NA NA NA 
B«nzo(a)anthracene NA NA NA NA NA NA 
Chrysene NA NA NA NA NA NA 
B«nzo(b)fluoranthene NA NA NA NA NA NA 
B«nzo(k)fluoranthene NA NA NA NA NA NA 
B«nzo(a)pyrene NA NA NA NA NA NA 
Dib«izo(a,h)anthracene NA NA NA NA NA NA 
Bcnzo(g,h,i)perylene NA NA NA NA NA NA 
Indeno(I.2,3-cd)pyrene NA NA NA NA NA NA 

Miscellaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

Organophosphorous Pesticides 

Chlorinated Herbicides 

Pesticides/PCBs 
in mg/kg (ppm) 
4,4*-DDE 
4,4'-DDD 
4.4--DDT 

NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

32 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

10 
NA 
NA 
NA 

ND 

ND 

0.018 
0.018 
0.018 

U 

R 

R 

U 
U 
U 

490 
NA 
NA 
NA 

ND 

ND R 

0.023 U 
0.023 U 
0.023 U 

25 
NA 
NA 
NA 

ND 

ND R 

0.029 
0.17 

0.042 

20 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

OFA-SOIL-WXl 
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Hart Crowser 
J-2350-07 

Sheet 22 of 42 
' • ^ W 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP124/S-1 
Dec 1989 
1.5-2.5 

TP125/S-2 
Dec 1989 
4.0 - 5.0 

TP126/S-1 
D«cl989 
1.5-2.5 

TP127/S-1 
Dec 1989 
1.5-2.5 

TP128/S-I 
Dec 1989 
3.0-4.0 

TP129/S-I 
Dec 1989 
2.0 - 3.0 

Total Metals 
ia mg/kg (ppm) 
Arseaic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Sdenium 
SUver 
Zinc 

26 J 
1.3 
22 B 
99 
84 

NA 
0.1 U 
12 

NA 
NA 
97 B 

49 
2.6 
47 

1.500 
1,100 

NA 
0.6 
35 

NA 
NA 
380 

B 

B 

58 
2.8 

1 
650 
790 
NA 
0.1 

2 
NA 
NA 
210 

U 

U 

B 

21 
1.2 
91 

300 
74 

NA 
0.1 
43 

NA 
NA 
140 

B 

U 

B 

88 
4 J 
100 
240 
130 
NA 
0.1 
20 

NA 
NA 
270 

B 

B 

15 
1.1 

440 B 
390 
140 
NA 
0.2 
80 

NA 
NA 
320 B 

EP Toxicity Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.2 
0.3 

0.01 
0.1 
0.4 
0.1 

0.005 
0.1 
0.3 

UJ 

U 
UJ 
J 
UJ 
U 
U 
J 

0.2 UJ 
0.2 

O.OI U 
0.1 UJ 
1.7 J 
1.8 J 

0.005 U 
0.1 U 
0.4 J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TCLP Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA • 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 23 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP124/S-1 
Dec 1989 
1.5-2.5 

TP125/S-2 
Dec 1989 
4 .0-5 .0 

TP126/S-1 
Dec 1989 
1.5-2.5 

TP127/S-1 
Dec 1989 
1.5-2.5 

TP128/S-I 
Dec 1989 
3 .0-4 .0 

TP129/S-1 
Dec 1989 
2 .0-3 .0 

VcdatUe Organic Compounds 
ia mg/kg (ppm) 
Vinyl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroeth6ne 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
1,2-Dichloroethane 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Total Xylene 

0.002 
0.032 
0.002 
0.002 
0.002 
0.002 
0.006 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 

UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

SonivolatUe Organic Compounds 
m mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 

Benzo(a)snthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
B«izo(k)fluonmthene 
Benzo(a)pyrene 
Indeao(1,2,3-cd)pyrcne 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)pcrylene 

7.6 
3.9 
12 
12 

1.6 
15 

120 
32 

120 
130 
39 
43 

0.19 
0.17 

73 
73 
47 
31 

4.9 
37 

D 
D 
D 
D 
D 
D 
UB 
U 
TD 
TD 
D 
D 
D 
D 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Sample Location: 
Date Sampled: 
Sample D^>th ia feet: 

TP124/S-1 
Dec 1989 
1.5-2.5 

TP125/S-2 
Dec 1989 
4.0 - 5.0 

TP126/S-1 
Dec 1989 
l J - 2 . 5 

TP127/S-1 
Dec 1989 
1.5-2.5 

TP128/S-1 
Dec 1989 
3 .0 -4 .0 

TP129/S-1 
Dec 1989 
2.0 - 3.0 

TCLP Ptdynuclear Aromatic 

Napthalene 
Acenapthylene 
Acenapthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Beazo(b)fluoranthene 
Benzo(k)fluoranthene 
Beazo(a)pyrene 
Da>ea2o(a,h)anthracene 
Benzo(g ,h, i)pery lene 
Indeno( 1,2,3-cd)pyrene 

MisceUaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1,200 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

no 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

12 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

33 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

930 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

470 
NA 
NA 
NA 

OrgaiK^>hospfaorous Pesticides 

Chlorinated Herbicides 

ND 

ND R 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Pesticidea/PCBs 
in mg/kg (ppm) 
4,4'-DDE 
4.4'-DDD 
4,4'-DDT 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

OPA-SOIL.WI1 
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Hart Crowser 
J-2350-07 

Sheet 25 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP130/S-2 
Dec 1989 
3.5 - 4.5 

TP131/S-1 
Dec 1989 
3.0-4.0 

TP132/S-1 
Dec 1989 
0.5-1.5 

TP133/S-1 
Dec 1989 
1.5-2.5 

TP134/S-1 
Dec 1989 
2.0 - 3.0 

TP135/S-1 
Dec 1989 
2.0 - 3.0 

Total Metals 
ia mg/kg (ppm) 
Arsmic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

II 
2 

65 B 
25 
70 

NA 
2 

3.8 
NA 
NA 
96 B 

33 
1.5 
64 
98 
71 

NA 
0.1 
19 

NA 
NA 
190 

B 

U 

B • 

170 
11 
49 

590 
360 
NA 
0.1 
31 

NA 
NA 
550 

B 

U 

B 

2.7 
0.5 
22 
18 
10 

NA 
0.1 
15 

NA 
NA 
41 

U 
B 

U 

U 

B 

37 
0.93 

1.100 
170 
59 

NA 
0.1 
77 

NA 
NA 
210 

B 

U 

B 

14 
0.83 

21 B 
86 

250 
NA 
0.1 U 
19 

NA 
NA 
180 B 

EP Toxicity Metals 
ia mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.2 
0.2 

0.01 
0.1 
0.1 
0.1 

0.005 
0.1 
0.5 

UJ 

U 
UJ 
UJ 
UJ 
U 
U 
J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.2 
0.2 

0.01 
0.1 
0.1 
0.1 

0.005 
0.1 
0.2 

UJ 

U 
UJ 
UJ 
UJ 
U 
U 
J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TCLP Metals 
ia mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Sdenium 
SUver 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Peimwalt Area SoU Results Sheet 26 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

Volatile Organic Compouada 
in mg/kg (ppm) 
Vinyl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroetheae 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroeth«ie 
2-Butanone (MEK) 
1,2-Dichloroethane 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Total Xylene 

SemivolatUe Organic Compounds 
in mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethyUiexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranth«»e 
Beiizo(a)pyrene 
Indeao(l ,2,3-cd)pyreae 
Diben7.r>(a,h)anthracene 
Benzo(g .h, i)pery lene 

TPI30/S-2 
Dec 1989 
3.5 - 4.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TP131/S-1 
Dec 1989 
3.0-4.0 

0.002 
0.11 

0.002 
0.002 
0.002 
0.002 
0.006 
0.002 
0.002 
0.002 
0.004 
0.002 
0.002 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

U 
U 
U 

u 
u 
u 
u 
u 
u 
u 

u 
u 

TP132/S-1 
Dec 1989 
0.5 - 1.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TP133/S-1 
Dec 1989 
1.5-2.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TP134/S-1 
Dec 1989 
2.0 - 3.0 

0.002 
0.024 
0.002 
0.002 
0.002 
0.002 
0.006 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

u 
u 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 

TP135/S-1 
Dec 1989 
2 .0 -3 .0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TCLP Polynudear Aromatic 
Hydrocarbons ia mg/kg (ppm) 
Napthalene 
Aceiuipthylene 
Acenapthene 
Fluorwie 
Ph«janthrene 
Anthracene 
Fluoranthene 
Pyrene 
B«izo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 
Indeno(l ,2,3-cd)pyrene 

MisceUaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

TP130/S-2 
Dec 1989 
3.5 - 4.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

18 
NA 
NA 
NA 

TP131/S-1 
Dec 1989 
3.0-4.0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

29 
NA 
NA 
NA 

TP132/S-1 
Dec 1989 
0.5-1.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

260 
NA 
NA 
NA 

TP133/S-1 
Dec 1989 
1.5-2.5 

NA 
NA 
NA 
NA 
NA 
NA • 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

14 
NA 
NA 
NA 

TP134/S-1 
Dec 1989 
2.0 - 3.0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

23 
NA 
NA 
NA 

Hart Crowser 
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TP135/S-1 
Dec 1989 
2.0 - 3.0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
•NA 
NA 

20 
NA 
NA 
NA 

Organophosphorous Pesticides 

Chlorinated Herbicides 

Pesdcides/PCBs 
in mg/kg (ppm) 
4.4'-DDE 
4,4'-DDD 
4,4*-DDT 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

OFA-SOIL.W1C1 
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Hart Crowser 
J-2350-07 

Sheet 28 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP-200/S-1 
Sept 1990 
0.5 - 2.0 

TP-201/S-1 
Sept 1990 
1.0-2.0 

TP-202/S-1 
Sept 1990 
2.0 - 3.0 

TP-203/S-1 
Sept 1990 
1.5-2.5 

TP-204/S-1 
Sept 1990 
3.0 - 4.0 

Total Metals 
in mg/kg (ppm) 
Arsemc 
Oidmiiim 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

< NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

EP Toxicity Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadinium 
Chromium 
Copper 
Lead 
Mercury" 
Nickel 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TCLP Metals 
ia mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selmium 
SUver 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results 

Hart Crowser 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP-200/S-1 
Sept 1990 
0.5 - 2.0 

TP-201/S-1 
Sept 1990 
1.0-2.0 

TP-202/S-1 
Sq)tl990 
2.0 -: 3.0 

TP-203/S-1 
S ^ 1990 
1.5-2.5 

TP-204/S-1 
Sept 1990 
3.0 - 4.0 

Volatile Organic Compounds 
in mg/kg (ppm) 
Vinyl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroetheae 
ci»-1.2-Dichloroethene 
Total 1,2-Dichloroetheae 
2-Butanone (MEK) 
1.2-Dichlorocthane 
Trichloroethene 
Bmzene 
Toluene 
Ethylbenzene 
Total Xylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

'iili^ 

SemivolatUe Organic Compounds 
in mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 

Beiizo(a)anthracene 
Chrysoie 
Bis(2-ethyUiexyI)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indaio( 1.2.3-cd)pyrene 
Dibaizo(a ,h)anthracene 
Benzo(g,h,i)perylene 

U 

U 

2.6 

NA 

1.7 

1.7 

NA 

4.4 

16 

3.0 B 

19 

9.3 

3.7 

0.17 U 

NA 

NA 

2.3 

1.4 

3.0 

1.5 

1.6 

1.1 

0.083 
NA 

0.17 
0.17 
NA 

0.083 
0.55 

0.086 
1.6 

0.71 
0.37 

0.017 
NA 
NA 

0.31 
0.17 
0.32 
0.22 

0.034 
0.17 

U 

U 

u 

B 

U 

U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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'*lii0^ 
Sample Location: 
Date Sampled: 
Sample Depth in feet: 

• TP-200/S-1 
Sept 1990 
0.5 - 2.0 

TP-201/S-1 
Sept 1990 
1.0-2.0 

TP-202/S-1 
Sept 1990 
2 .0-3 .0 

TP-203/S-1 
Sept 1990 
1.5 - 2.5 

TP-204/S-1 
Sept 1990 
3.0 - 4.0 

TCLP Polynuclear Aromatic 
Hydrocarbons ia alg/kg (ppm) 
Napthalene 
Acenapthylene 
Acenapthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fiuoranthene 
Benzo(a)pyrene 
Dibeiizo(a,h)anthracene 
Benzo(g,h,i)perylaie 
Indeno(l ,2,3-cd)pyrene 

0.039 
0.001 
0.019 
0.02 
0.02 

0.002 
0.0025 
0.0016 
0.0001 
O.OOOI 

O.OOOI 

0.0001 
O.OOOI 

0.0002 

O.OOOI 

0.0001 

J 
UJ 
J 
J 
J 
BJ 
J 
J 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

0.0005 

0.001 
0.001 

0.0001 
0.000097 
0.00014 
0.0001 
0.0001 
0.0001 
0.0001 
O.OOOI 

O.OOOI 

0.0001 

0.0002 

0.0001 

O.OOOI 

UJ 
UJ 
UJ 
UJ 
J 
BJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

MiKellaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

Organophosphorous Pesticides 

Chlorinated Herbicides 

NA 
300 J 
400 J 
450 J 

NA 

NA 

NA 
100 J 
NA 
630 J • 

NA 

NA 

NA 
30 J 

NA 
NA 

NA 

NA 

NA 
30 J 

NA 
NA 

NA 

NA 

NA 
3 

NA 
NA 

NA 

NA 

Pesticides/PCBs 
ia mg/kg (ppm) 
4,4'-DDE 
4,4'-DDD 
4,4'-DDT 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

OPA-»OIL,WlCl 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP-205/S-1 
Sept 1990 
2.0 - 3.0 

TP-205/S-2 TP-206/S-1 
Sept 1990 S<^ 1990 
4 .5-5 .0 2 .0-3.0 

TP-207/S-1 
S<^1990 
1.5-2.5 

TP-207 TP-208/S-1 
Sept 1990 (b) Sept 1990 
1.5-2.5 1.0-2.0 

Total Metals 
ia mg/kg (n»ii) 
Arsenic 

Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

EPA RepUcate 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

'iijiiiv 

EP Toxicity Metals 
in lag/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TCLP Metals 
ia mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

NA , 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP-205/S-1 
Sept 1990 
2.0 - 3.0 

TP-205/S-2 TP-206/S-1 
Sept 1990 S<^ 1990 
4.5 - 5.0 2.0 - 3.0 

TP-207/S-1 
Sept 1990 
1.5 - 2.5 

TP-207 TP-208/S-1 
Sept 1990 (b) Sept 1990 
1.5-2.5 1.0-2.0 

Vtdatile Organic Coiapouads 
ia mg/kg (ppm) 
Vinyl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroethene 
cis-1.2-Dichloroethene 
Total 1,2-Dichlorocthene 
2-Butanone (MEK) 
1.2-Dichlorocthane 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Total Xylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA • 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

EPA Replicate 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Semivolatile Organic Compounds 
in mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Ruorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 

Benzo(a)anthracene 
Chiysene 
Bis(2-ethyUiexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beazo(a)pyrene 
Indeiio(l .2,3-cd)pyrene 
Dibenzo(a ,h)anthracene 
Benzo(g.h.i)perylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.83 
NA 
1.7 
1.7 
NA 
1.3 
5.6 

0.92 
9.0 
5.1 
2.7 
3.0 
NA 
NA 
2.5 
1.3 
4.7 
3.6 

0.34 
3.8 

U 

u 
u 

B 

u 

0.83 
NA 
1.7 
1.7 
NA 
1.5 
2.5 

0.66 
0.17 

12 
7.0 
7.9 
NA 
NA 
6.2 
4.2 
12 

8.5 
0.34 

10 

u 

U 
U 

B 
U 

U 

89 
NA 
280 
21 

NA 
940 

3,300 
770 
2.1 

2,000 
570 
2.1 
NA 
NA 
250 
170 
600 
260 
4.2 
240 

J 

J 
UJ 

J 
J 
J 
UJ 
J 
J 
UJ 

J 
J 
J 
J 
UJ 
J 

710 
370 
410 

1,300 
120 J 
970 

3,800 
1,300 
3.000 
3.300 
1,600 
1.900 

240 U 
240 U 

1,400 
850 

1,500 
1,400 

280 
280 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP-205/S-1 
Sept 1990 
2 .0-3 .0 

TP-205/S-2 TP-206/S-1 
Sepi 1990 Sept 1990 
4.5-5.0 2 .0-3 .0 

TP-207/S-1 
Sept 1990 
1.5-2.5 

TP-207 TP-208/S-1 
Sept 1990 (b) Sept 1990 

1.5-2.5 1.0-2.0 

TCLP Polynuclear Aromatic 
Hydrocarbons ia mg/kg (ppm) 
Napthalene 
Acenapthylene 
Acenapthene 
Fluorene 
Phoianthrene 
Anthracene 
Fluoranthraie 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g.h,i)perylene 
Indeno( 1,2,3-cd)pyrene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.021 
0.0023 
0.037 
0.013 
0.036 

0.0044 
0.0037 
0.0038 
O.OOOI 

0.0001 

O.OOOI 

O.OOOI 

0.0001 

0.0002 

0.0001 

0.0001 

J 
J 
J 
J 
J 
BJ 
J 
J 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

OJI 
0.01 
0.19 

0.096 
0.16 

0.019 
0.019 
0.019 
0.001 
0.001 
0.001 
0.001 
0.001 
0.002 
O.OOl 
0.001 

J 
UJ 
J 
J 
J 
BJ 
J 
J 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

EPA Ri^Ucate 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

MisceUaneous Parameters 
ia mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

Organophosphorous Pesticides 

Chlorinated Herbicides 

Pesticides/PCBs 
m mg/kg (ppm) 
4,4'-DDE 
4.4'-DDD 
4,4'-DDT 

NA 
400 
500 
890 

NA 

NA 

NA 
NA 
NA 

J 
J 
J 

NA 
100 J 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
100 J 
NA 
240 J 

NA 

NA 

NA 
NA 
NA 

NA 
9,000 
7,000 

600 

NA 

NA 

NA 
NA 
NA 

J 
J 
J 

NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
300 J 
NA 
88 J 

NA 

NA 

NA 
NA 
NA 

OPA-SOIL-WKl 
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Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP-208/S-2 
Sept 1990 
2 .0 -3 .0 

TP-209/S-1 
Sept 1990 
1.5-2.5 

TP-210/S-1 
Sept 1990 
0.5 - 2.5 

TP-211/S-2 
Sept 1990 
3.5-4.5 

CokenT-124 
Sept 1990 
0.0 - 0.5 

Total Metals 
in mg/kg (ppm) 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

3.4 
0.50 U 

1.400 
3.4 
10 U 

NA 
O.I U 
8.6 
NA 
NA 
6.6 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

EP Toxicity Metals 
ia mg/L (ppm) 
Arsemc 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TCLP Metals 
ia mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
SUver 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 35 of 42 

Volatile Organic Compounds 
in mg/kg (ppm) 
Vinyl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
1,2-Dichloroethane 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Total Xylene 

^yniii' 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TP-208/S-2 
Sept 1990 
2 .0 -3 .0 

TP-209/S-1 
Sept 1990 
1.5-2.5 

TP-210/S-1 
Sept 1990 
0.5 - 2.5 

TP-211/S-2 
Sept 1990 
3.5 - 4.5 

Coken'P-124 
S«^1990 
0.0 - 0.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Semivcdatile Orgaaic Coinpounds 
in mg/kg (ppm) 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 

Benzo(a)anthracene 
Chrysene 
Bis(2-ethyUicxyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g .h. i)perylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.83 U 
NA 
1.7 U 
1.7 U 
NA 

0.17 U 
6.8 
2.5 B 

0.17 U 
38 
13 
14 

NA 
NA 
8.5 
4.7 
18 
10 

0.34 U 
9.0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Pass C-48 



Hart Crowser 
J-2350-07 

Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Area SoU Results Sheet 36 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

TCLP Pctynuclear Aromatic 
Hydrocarbons ia mg/kg (ppm) 
Napthalene 
Acoiapthylene 
Acenapthene 
Ruorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)nuoranthene 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)pcrylene 
Indeno(l .2.3-cd)pyrene 

TP-208/S-2 
Sept 1990 
2.0 - 3.0 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TP-209/S-1 
Sept 1990 
1.5-2.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TP-210/S-1 
S ^ 1990 
0.5 - 2 J 

0.0005 
0.001 
0.001 

0.0001 
0.00016 
0.00012 
0.0001 

0.00018 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0002 
0.0001 
O.OOOI 

UJ 
UJ 
UJ 
UI 
J 
BJ 
UJ 
J 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

TP-211/S-2 
Sept 1990 
3.5 - 4.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Cokem>-124 
Sept 1990 
0.0 - 0.5 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

MisceUaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

Organophosphorous Pesticides 

Chlorinated Herbicides 

Pesticides/PCBs 
ia mg/kg (ppm) 
4,4'-DDE 
4,4'-DDD 
4,4'-DDT 

NA 
NA 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
3 J 

NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
100 
200 
190 

NA 

NA 

NA 
NA 
NA 

J 
J 
J 

NA 
7 J 

NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
70 J 

100 J 
NA 

NA 

NA 

NA 
NA 
NA 

OFA-SOIL. WKI 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwalt Arca SoU Results 

Hart Crowser 
J-2350-07 

Sheet 37 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

CofceA'P-124 Charcod 
Sept 1990 (b) Sept 1990 
0.0 - 0.5 0.0 - 0.5 

Charcod Charcod 
Sept 1990(b) Jan 1991(b) 
0.0 - 0.5 0.0 - 0.5 

Charcod 
Jaal991 
0.0 - 0.5 

Totd Metals 
fa mg/kg (ppm) 
Arsenic 
Cadiaium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickd 
Sdenium 
SUver 
Zinc 

EPA Replicate 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

EPA R^Ucate 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

EP Toxicity Metals 
mmg/L (ppm) 
Arsemc 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickd 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA . 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TCLP Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickd 
Sdoiium 
SUver 
Zinc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

;?age C-48 



Table C-3 - Summary of Ohio Ferro-AUoy/Peimwdt Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 38 of 42 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

Cok6n"P-124 Charcod 
Sept 1990 (b) Sept 1990 
0.0 - 0.5 0.0 - 0.5 

Charcod 
Sept 1990(b) 
0.0 - 0.5 

Charcod 
Jan 1991 (b) 
0.0 - 0.5 

Charcod 
Jan 1991 
0.0 - 0.5 

Volatile Orgamc ConqxMinds 
fa mg/kg (ppm) 
Vfayl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroethene 
cis-1.2-Dichloroethene 
Totd 1.2-Dichlorocthaie 
2-Buranone (MEK) 
1,2-Dichloroethane 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Totd Xylene 

fa mg/kg (ppm) 
Napthdene 
2-Methylnapthdene 
Acenapthylene 
Acenapthene 
DUjenzofuran 
Ruorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 
Baizo(a)anthracene 

Chrysene 
Bis(2-ethyUjexyl)phthalate 
Di-n-octyl phthdate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrcne 
Indeno( 1,2,3-cd)pyrcne 
Dibcnzo(a,h)anthraceoe 
Bcnzo(g. h. i)pery lene 

EPA RepUcate 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

20 
20 
20 
20 
20 
20 

2.7 
20 
20 
1.5 
20 
20 

3.9 
20 
20 
20 
20 
20 
20 
20 

U 
U 
U 

u 
u 
u 
J 

u 
u 
J 

u 
u 
J 

u 
u 
u 
u 
u 
u 
u 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

63 
NA 
270 
50 U 

NA 
150 

1.100 
220 B 

1,200 
760 
360 
400 
NA 
NA 
210 
120 
500 
240 

10 U 
210 

EPARe{dicate 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.600 
830 

1,700 
940 
200 J 

1,400 
5.100 
1,700 
3,200 
3,600 
1,600 
2,100 

250 U 
250 U 

1,400 
970 

1.600 
1,500 

200 J 
310 

NA 
NA 
NA 
NA 
NA 

•NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

200 J 
160 J 

1,200 
260 
NA 
860 

6.700 
1,500 
4,200 
4,300 
1,200 
1,400 

NA 
NA 

1,500 
540 

1.700 
1,100 

260 U 
1.400 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

250 UJ 
NA 
680 J 
880 J 
NA 
980 J 

5,600 J 
1,000 J 
4,100 J 
4,100 J 

850 J 
900 J 
NA 
NA 
490 J 
260 J 
940 J 
490 J 
100 UJ 
460 J 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwdt Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 39 of 42 

'iiijii'' 

Sample Location: 
Date Sampled: 
Sample Depth fa feet: 

CokeA'P-124 
S ^ 1990(b) 
0.0 - 0.5 

Charcod 
Sept 1990 
0.0 - 0.5 

Charcod Charcod 
Sept 1990 (b) Jan 1991 (b) 
0 .0 -0 .5 ,0 .0-0 .5 

Charcod 
Jan 1991 
0.0 - 0.5 

TCLP Polyaudear Aromatic 
Hydrocarbons fa mg/kg (ppm) 
Napthdene 
Acenapthylene 
Acmapthene 
Ruorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 
Benzo(a)anthraccne 
Chrysene 
Benzo(b)fluoranthenc 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
Bcnzo(g,h,i)pcrylene 
lndeno( 1,2,3-cd)pyrene 

MisceUaneous Parameters 
fa mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FED Screen 8015 Modified (a) 
TPH (418.1) 

EPA Replicate 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
18,000 J 
18,000 J 

NA 

EPA R^licate 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
8,100 

NA 
690 

Organophosphorous Pesticides 

Chlorinated Herbicides 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Pesticides/PCBs 
fa mg/kg (ppm) 
4,4'-DDE 
4,4'-DDD 
4,4'-DDT 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

OPA-SOIL.WK1 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwdt Arca SoU Results 

Hart Crowser 
J-2350-07 

Sheet 40 of 42 

Sample Location: 
Date Sampled: 
Sample Depth fa feet: 

Cod Wood Chips Fresh 
Sept 1990 Sept 1990 • 
0.0 - 0.5 0.0 - 0.5 

Aged Wood Chips 
Sept 1990 
Surface/ 

Totd Metals 
fa mg/kg (ppm) 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickd 
Sdenium 
SUver 
Zfac 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Discovery Park 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

EP Toxicity Metals 
in mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickd 
Zmc 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TCLP Metds 
fa mg/L (ppm) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercuty 
Nickd 
Sdenium 
SUver 
Zfac 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwdt Area SoU Resdts 

Hart Crowser 
J-2350-07 

Sheet 41 of 42 

Sample Location: 
Date Sampled: 
Sample Depth fa feet: 

Cod Wood Chips Fresh 
S<^ 1990 Sept 1990 
0.0 - 0.5 0.0 - 0.5 

Aged Wood Chips 
Sept 1990 
Sur&ce/ 

Volatile Organic Compounds 
fa mg/kg (ppm) 
Vfayl chloride 
Acetone 
Carbon disulfide 
trans-1,2-Dichloroethene 
ds-1,2-Dichloroethene 
Totd 1,2-Dichloroethene 
2-Butanone (MEK) 
1,2-Dichloroethane 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Totd Xylene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Discovery Park 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

SemivolatUe Organic Compounds 
fa mg/kg (ppm) 
Napthdene 
2-Methylnapthdene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Ruorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 

Benzo(a)anthracene 
Chrysene 
Bis(2-ethyUiexyl)phthalate 
Di-n-octyl phthdate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Beazo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

0.83 
NA 
1.7 
1.7 
NA 

0.62 
3.0 
l.l 

0.17 
5.7 
1.0 
1.2 
NA 
NA 

0.64 
0.33 

1.3 
0.72 
0.34 
0.76 

U 

u 
u 

B 
U 

U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.083 U 
NA 

0.17 U 
0.17 U 
NA 

0.017 U 
0.0083 U 
0.0083 U 
0.017 U 
0.017 U 
0.017 U 
0.017 U 

NA 
NA 

0.017 U 
0.017 U 
0.017 U 
0.017 U 
0.034 U 
0.017 U 
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Table C-3 - Summary of Ohio Ferro-AUoy/Pennwdt Area SoU Results 

Hart Crowser 
J-2350-07 

Sheet 42 of 42 

Sample Location: 
Date Sampled: 
Sample Depth fa feet: 

Cod Wood Chips Fresh 
Sept 1990 Sept 1990 
0.0 - 0.5 0.0 - 0.5 

Aged Wood Chips 
S<^1990 
Surface/ 

TCLP polynudear Aromatic 
Hydrocarbons fa mg/kg (ppm) 
Napthdene 
AcAiapthylene 
Acenapthene 
Ruorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 
Beozo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fiuoranthene 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)petylene 
Indeno( 1,2,3-cd)pyrene 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Discovety Park 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

MisceUaneous Parameters 
in mg/kg (ppm) 
GC-FID Screen 
GC-FID Screen 8015 Modified 
GC-FID Screen 8015 Modified (a) 
TPH (418.1) 

Organophosphorous Pesticides 

Chlorinated Herbicides 

Pesticidea/PCBs 
fa mg/kg (ppm) 
4.4'-DDE 
4,4'-DDD 
4,4'-DDT 

NA 
10 J 

NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
400 J 
NA 
NA 

NA 

NA 

NA 
NA 
NA 

NA 
4.000 J 

•2,000 J 

no J 

NA 

NA 

NA 
NA 
NA 

OFA-SOILWICI 
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Table C-4 - Summary of Pennwdt Ag-Chem DUch Sediment Results Sheet I of 2 

Sample Number: 
Sample Location: 
Date Sampled: 
Sample Depth m feet: 

PDS-A 
Penn Ditch 
Sept 1990 
0 . 0 - 1.5 

PDS-B 
Penn DUch 
Sept 1990 
1.5-3.0 

PDS-C 
Penn Ditch 
Sept 1990 
3.0-3.5 

PDS-104-D 
Penn Ditch 
Sept 1990 
0.2 - 0.4 

PDS-105-D 
Penn Ditch 
Sept 1990 
0.2 - 0.4 

PDS-I06-D 
Penn Ditch 
Sept 1990 
0.2 - 0.4 

SS-1 
Penn Ditch 
Dec 1989 

0.0 - 0.25 

SS-18 
Penn Ditch 
Dec 1989 

0.0-0.25 

Totd Metds 
fa mg/kg (ppm) 
Arsenic 
Cadmium 
Cliromium 
Copper 
Lead 

Mercury 
Nickel 
Zinc 

Chlorinated Pesticides 

PCB* 

Organophosphorous Pesticides 

Chlorinated Herbicides 

27 
0.50 U 

20 
36 
57 

O.I 
490 

no 

ND J 

ND i 

ND J 

ND J 

19 
0.50 U 

17 
18 
15 

0.1 U 
130 
94 

ND J 

ND J 

ND J 

ND J 

15 
1.2 
14 
15 
13 

0.1 U 
60 
70 

ND J 

ND J 

ND J 

ND J 

27 
0.60 

8.4 
39 
33 

0.2 
36 
62 

ND J 

ND J 

NO J 

ND J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 

NA 

46 
1.7 
28 
78 
68 

0.4 
290 
440 

ND 

ND 

NA 

ND R 

Replicate SS-1 

45 
1.5 
27 
72 
to 

0.4 U 
190 
360 

ND 

ND 

NA 

ND R 

VolatUe Aromatic Compotmds 
fa mg/kg (ppm) 
Benzene 
Toluene 
Ethylbenzene 
Totd Xylene^ 

0.006 
0.007 
0.006 
0.006 

UJ 
J 
UJ 
UJ 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

0.01 
0.01 
0.01 
0.01 

u 
u 
u 
u 

0.008 
0.012 
0.008 
0.008 

U 

U 
U 

0.008 
0.039 
0.008 
0.008 

U 

U 
U 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

l» 
09 

n 
n 
I 

MisceUaneous Parameters 
fa mg/kg (ppm) 
GC-FID Screen NA NA NA NA NA NA 120 B 86 B 

1̂  
9 
o 

X 

n 
- I 

o 

n 



Table C-4 - Sununary of Pennwdt Ag-Chem Ditch Sediment Results Sheet 2 of 2 

OQ 

n 
o 
I 

Ul 
Ul 

Sample Number: 
Sample Location: 
Dale Sampled: 
Sample Deptii fa feet: 

PDS-A 
Penn Ditch 
Sept 1990 
0 . 0 - 1.5 

PDS-B 
Penn Ditch 
Sept 1990 
1.5-3.0 

PDS-C 

Penn Ditch 
Sept 1990 
3.0-3.5 

PDS-104-D 

Penn Ditch 
Sept 1990 
0 .2-0 .4 

PDS-I05-D 
Penn Ditch 
Sept 1990 
0 .2-0 .4 

PDS-I06-D 
Penn Ditch 
Sept 1990 
0.2 - 0.4 

SS-1 

Penn Ditch 
Dec 1989 
0.0 - 0.25 

SS-18 
Penn Ditch 
Dec 1989 
0.0 - 0.25 

Replicate SS-1 
Miscdianeous Parameters fa % 

Totd Organic Carbon 

Polynuclear Aromatic Hydrocarbons 
ta mg/kg (ppm) 
Napthdene 
Aceiuipthylene 
Fluorene 
Acenaphthene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Chrysene 
Benzo(a)anthracene 
Benzo(b)n uoranthene 
Benzo(k)nuoranthene 
Benzo(a)pyrene 
D ibenzo(a, h)anthracen6 
Indeno( 1,2,3-cd)pyrene 
Benzo(g ,h, i)pery lene 

PENM-SED 

3.8 

0.036 
0.024 
0.027 

O.I 
0.14 

0.012 
0.083 
0.37 

0.0085 
0.053 
0.058 
0.067 

0.0018 
0.52 

0.017 
0.22 

Notes: 
U 
J 
B 
T 
R 
D 
ND 
NA 

J 
J 

U 

J 

u 

2.4 

0.025 
0.026 
0.018 
0.08 
O.I 

0.0088 
0.053 
0.28 

0.0067 
0.045 
0.043 
0.067 
0.001 
0.16 

0.016 
0.1 

J 
J 

U 

J 

U 

U 

Indicates compound 

1.2 

0.0095 J 
0.008 J 

0.0037 J 
0.014 UBJ 
0.025 J 

0.0025 J 
0.026 
0.11 

0.041 
0.027 
0.15 

0.051 
0.0031 

0.2 
0.016 
0.14 

was andyzed for 
Indicates an estimated vdue. 
Indicates andy 
Flagged vdues 

e was 

NA 

1.3 
1.7 

0.15 
1.3 

0.06 
0.015 
0.076 
0.34 
0.23 
0.18 

1.2 
0.012 
0.036 

0.81 
0.031 
0.82 

U 
U 
U 
U 
J 
J 
J 

U 

u 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

.NA 

but not detected at the given detection limit. 

detected fa laboratory method blank. 
represent sum of two co-elutfag con 

Data not useable based on data vdidation criteria. 
Vd je reported derives from andysis of 
Not detected at variable detection liinits. 
Not andy zed. 

adUutec 

pounds 

sample or sample extract. 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

X 
tu 

t^ (~) 
u\ g 
9 ^ 
o n 
- 4 - I 



Table C-5 - Summary of Ohio Ferro-AUoy Area Ditch Sediment Resdts 

Hart Crowser 
J-2350-07 

• • J i i S l i " 

Sample Number: 
Sample Location: 
Date Sampled: 
Sample Depth fa feet: 

Totd Metals 
in mg/kg (ppm) 
Arsemc 
Cadmium 
Chromium 
Copper 
Lead 
Mercuty 
Nickd 
Zfac 

Miscdianeous Parameters fa % 
Totd Organic Carbon 

SemivolatUe Orgaaic Compounds 
fa mg/kg (ppm) 
Naphthdene 
Acenapthylene 
Acenapthene 
Ruorene 
4-Methylphenol 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethyUi6xyl)phthdate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthaie 
Benzo(a)pyrene 
Dibenzo(a,h)anthracene 
fadeno( 1,2,3-cd)pyrene 
Benzo(g,h.i)peryleae 

ODS-A 
OFA Ditch 
Sq>t 1990 
0 .0-1 .5 

120 
3.4 
120 
210 

no 
0.1 
28 

260 

6.8 

0.24 
0.24 
0.24 
0.24 

3.4 
1.2 

0.24 
1.3 
1.7 

0.74 
0.82 
0.26 

1.2 
1.2 

0.34 
0.24 
0.24 
0.26 

U 

UJ 
UJ 
UJ 
UJ 
J 
J 
UJ 
J 
J 
J 
J 
J 

rr 
rr 
J 
UJ 
UJ 
J 

ODS-B 
OFA Ditch 
Sept 1990 
1.5-2.5 

30 
2.4 
250 
160 
80 

0.1 
29 

180 

7.0 

0.21 
0.21 
0.21 
0.21 

2 
1.3 

0.21 
0.21 

1.1 
0.8 
1.1 

0.23 
1.3 
1.3 

0.44 
0.21 
0.27 
0.27 

U 

UJ 
UJ 
UJ 
UJ 
J 
J 
UJ 
UJ 
J 
J 
J 
J 
JT 
JT 
J 
UJ 
J 
J 

ODS-103A 
OFA Dilch 
Sept 1990 
0 .0-1 .5 

760 
3.2 
61 

300 
180 
0.1 
24 

390 

NA 

0.27 
0.27 
0.27 
0.27 

2.8 
1.2 

0.27 
1.3 
1.5 

-0.68 
1.4 

0.38 
2 
2 

0.49 
0.27 
0.27 
0.43 

U 

UJ 
UJ 
UJ 
UJ 
J 
J 
UJ 
J 
J 
J 
J 
J 
JT 

rr 
J 
UJ 
UJ 
J 

ODS-103B 
OFA Ditch 
Sept 1990 
1.5-2.5 

260 
3.4 
72 

350 
210 
0.1 U 
26 

500 

NA 

0.26 UJ 
0.26 UJ 
0.26 UJ 
0.26 UJ 

3.3 J 
1.2 J 

0.26 UJ 
1.4 J 

1.2 J 
0.44 J 

1 J 
0.26 UJ 

1.2 JT 

1.2 rr 
0.65 J 
0.26 UJ 
0.26 UJ 
0.26 UJ 

Notes: 
U Indicates compound was andyzed for but not detected at the given detection Umit. 
J Indicates an estimated vdue. 
B IntUcates andyte was deteaed fa laboratoty method blank. 
T Ragged vdues represent sum of two co-dutfag compounds. 
D Vdue reported derives from andysis of a dUuted sample or sample extract. 
ND Not detected at variable detection limits. 
NA Not andyzed. 

OPA-SEDM-WKl 
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Hart Crowser 
J-2350-07 

Table C-6 - Summary of Pennwalt Ag-Chem Ditch Surface Water Results 

Sample Location: SW-1/Pennwalt 
Date Sampleti: Jan 1990 

Total Metals 
in /tg/L (ppb) 
Antimony 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Copper 
Lead 

Manganese 
Merctiry 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

MisceUaneous Parameters 

G C - F I D Screen in /xg/L 

(Thlorinated Herbicides in ngfL 

Total Suspended Solids in mg/L 

Total Dissolved Solids in mg/L 

10 
29 
1 
9 
5 
20 
10 
3 
1 
50 
31 
5 
1 
5 
32 

20 
ND 
8 

1100 

UJ 

U 

U 
U 
U 
U 

U 
U 
UJ 

J 
J 

Notes: 

U Indicates compound was andyzed for but not detected at the given detection limit. 

J Indicates an estimated vdue. 

B Indicates andyte was detected fa laboratoty method blank. 

ND Not detected at various detection limits. 

P04N-SW.WK1 

Page C-57 



Table C-7 - Summary of Ohio Ferro-AUoy Ditch Surface Water Resdts 

Sample Location: 
Date Sampled: 

Totd Metals 
fa/ig/L(ppb) 
Antimony 
Arsenic 
BetyUium 
Cadinium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickd 
Sdenium 
SUver 
ThaUium 
Zfac 

SW-2/OFA 
Jan 1990 

SW-3/0FA 
Jan 1990 

SW-l/OFA 
Jan 1991 

23 J 
68 

1 U 
21 
19 

240 
46 

3 U 
1 U 

50 U 
15 
5 U 
1 U 
5 UJ 

150 

16 
24 

1 
7 
8 

64 
10 
3 
I 

50 
7 
5 
1 
5 

53 

J 

U 

U 
U 
U 
U 

U 
U 
UJ 

15 
230 

1 U 
1 U 
5 

61 
14 

320 
1.0 U 
12 
7 
5 U 
1 U 
2 U 

74 

Hart Crowser 
J-2350-07 

•i)iiii>-

Dissdved Metals 
ia Mg/L (ppb) 
Antimony 
Arsenic 
BeryUium 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickd 
Sdenium 
SUver 
Thallium 
Zfac 

Miscdianeous Parametos 
Hardness as CaC03 fa mg/L 
Totd Suspended Solids fa mg/L 
Totd Dissolved SoUds fa mg/L 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
87 J 

690 J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
23 J 

250 J 

15 
180 

1 U 
1 U 
3 

42 
6.9 
310 
1.0 U 
12 
6 
5 U 
1 U 
2 U 

62 

38 
16 

NA 

Notes: 
U Indicates compoimd was andyzed for but not detected at the given detection limit. 
J Indicates an estimated vdue. 
B fadicates andyte was detected fa laboratoty method blank. 
NA Not andyzed. 

OFA-SWWKl 
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Table C-8 - Summary of General/FUl Area Groundwater Resdts 

Hart Crowser 
J-2350-07 

Sheet 1 of 10 

Sample Location: 
Date Sampled: 

HC-IS 
Jan 1990 

HC-IS 
Dec 1990 

HC-21 
Jan 1990 

HC-21 
Decl990 

HC-2S 
Jan 1990 

HC-2S 
Dec 1990 

Disserved Metals 
fa Mg/L (ppb) 
Antimony 
Arsemc 
Barium 
BeryUium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 

Manganese 
Mercury 
Molybdenum 
Nickd 
Sdenium 
SUver 
ThaUium 
Zfac 

10 UJ 
11 

NA 
10 U 
10 U 
10 U 
10 U 

NA 
2 U 

200 
I U 

500 U 
20 U 
5 U 

10 UJ 
5 UJ 

75 

10 
5.0 
NA 
NA 

11 
4.0 
9.0 

76.000 
3 

7,700 
1.0 

NA 
76 

NA 
1.0 

NA 
140 

U 
U 

J 

B 
U 
B 
U 

B 

J 

J 

10 
5 

NA 
10 
10 
10 
10 

NA 
10 

760 
1 

NA 
20 
5 

10 
5 

90 

UJ 
U 

U 
U 
U 
U 

U 

U 

U 
U 
UJ 
UJ 

11 
5.0 
NA 
NA 
1.0 
2.0 
I.O 

3,700 
3 

750 
1.0 

NA 
2.0 
NA 
1.0 

NA 
5.0 

U 

UJ 

U 
B 
U 
B 
U 

UB 

UJ 

J 

10 
5 

NA 
10 
10 
10 
10 

NA 
2 

15,000 
1 

NA 
590 

5 
10 
5 

680 

UJ 
U 

U 
U 
U 
U 

U 

U 

U 
UJ 
UJ 

10 U 
6.0 
NA 
NA 
24 J 

2.0 
10 

160,000 B 
3 U 

300 B 
1.0 U 
NA 
320 B 
NA 
1.0 UJ 

NA 
230 J 

Volatile Organic Compounds 
fa/Ig/L (ppb) 
Vfayl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Totd 1.2-Dichlorocthene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Totd Xylene 

1 U 
I U 
5 U 
1 
1 
I 
3 
1 
1 
1 
1 

U 
U 

u 
u 
u 
u 
u 
u 

I u 

3 

U 
U 

U 
U 
U 
U 
U 
U 
U 
U 

u 

I u 

1 u 

1 u 
3 
1 U 
1 U 

5 

U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 

5 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

5 

3 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

1 u 1 u 1 u 

Misrcflaneous Parameters 
fa Mg/L (ppb) 
Formddehyde 10 5.0 U 47 

Miscdianeous Parameters 
fa mg/L (ppb) 
Totd Dissolved Solids 
Totd Suspended Solids 
Ruoride 
Hardness as CaG03 

2.500 
NA 
NA 
NA 

1.300 
78 
1.5 

390 

16,000 
NA 
NA 
NA 

15.000 
200 
0.4 
NA 

3,800 
NA 
NA 
NA 

2.700 
630 
1.9 

1200 
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Table C-8 - Summary of General/FiU Area Groundwater Resdts 

Hart Crowser 
J-2350-07 

Sheet 2 of 10 

Sample Location: 
Date Sampled: 

HC-IS 
Jan 1990 

HC-IS 
Dec 1990 

HC-21 
Jan 1990 

HC-21 
Doc 1990 

HC-2S 
Jan 1990 

HC-2S 
Dec 1990 

Scmivtdatile Organic Conqwunds 
fa Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthdene 
2-Methylnapthdene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Ruorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 
Beazo(a)anthracene 
Chtysene 
Bis(2-ethyUi6Xyl)phdialate 
Di-n-octyl phthalate 
Beozo(b)fluoranthene 
Braizo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(1.2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g ,h, i)pery lene 

Fidd Parameters 
pH 
Temperature fa "C 
Specific Conductivity fa ^Mhos 
Dissolved Oxygen fa ppm 

Chloriaated Pesticides 
fa Mg/L (ppb) 

67 

5 
5 
5 
5 

6.1 
10 

1,900 
2.8 

ND 

U 
U 
U 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
JR 
JR 
UR 
UR 
UR 
UR 
UR 
UR 

2 
2 

50 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
2 
2 

6.2 
12 

1,650 
NA 

NA 

UR 
UR 
UR 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 
U 
U 
U 
U 
U 
U 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

7.1 
12 

1,860 
5.2 

ND 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

2 
2 

50 
2 
2 
2 
2 
2 
2 
2 

' 2 
2 
2 
2 
2 
7 
2 
2 
2 
2 
2 
2 
2 

6.3 
12 

19.650 
NA 

NA 

u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 
U 
U 
U 
U 
U 
U 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

5.6 
10 

3.600 
9.8 

ND 

UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 

1 UJ 
1 UJ 

25 UJ 
1 UR 
1 UR 
1 UR 
1 UR 
1 UR 
I UR 
1 UR 
1 UR 
1 UR 
1 UR 
1 UR 
1 UR 

36 BR 
1 UR 
1 UR 
1 UR 
1 UR 
1 UR 
1 UR 
1 UR 

6.7 
11 

3.400 
NA 

NA 

PCBs fa Mg/L (ppb) ND NA ND NA ND NA 

Notes: 
U fadicates compound was not dttected at the given detection limit. 
J Indicates an r-xtiminvi vdue. 
B fadicates andyte was detected fa laboratoty method blank. 
X fadicates compound was tentativdy identified. 
R Data was unuseable based on data validation criteria. 
NA Not andyzed. 
* Estimate is below EPA contract detectioa limit 

and is not a confirmed vdue. 
(a) Sampled by CH2M HUl as part of Reichhoid's 

Precorrective Action Groundwater Monitorfag Program. 
ONL-OW.WKI 
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Table C-8 - Summaty of General/FUl Area Groundwater Resdts 

Hart Crowser 
J-2350-07 

Sheet 3 of 10 

Sample Location: 
Date Sampled: 

HC-31 
Jan 1990 

HC-3R 
Jan 1990 

HC-31 
Dec 1990 

HC-3S 
Jan 1990 

HC-3S 
Dec 1990 

HC-131 
Jaal990 

HC-131 
Dec 1990 

Disstdved Metals 
fa Mg/L (ppb) 
Antimony 
Arsenic 
Barium 
BetyUium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 

Manganese 
Mercuty 
Molybdenum 
Nickd 
Sdenium 
SUver 
Thallium 
Zfac 

R ^ HC-31 

10 UJ 
5 U 

NA 
10 U 
10 U 
10 U 
10 U 

NA 
10 U 

770 
1 U 

500 U 
20 U 
5 U 

10 UJ 
5 UJ 

35 

10 
5 

NA 
10 
10 
10 
10 

NA 
10 

810 
1 

500 
20 
5 

10 
5 

60 

UJ 
U 

U 
U 
U 
U 

U 

U 
U 

u 
u 
UJ 
UJ 

10 
5.0 
NA 
NA 
1.0 
10 

1.0 
7.100 

3 
100 
1.0 

NA 
4.0 
NA 
1.0 
NA 

14 

U 
U 

UJ 

B 
U 
B 
U 

UB 

UJ 

J 

14 
5 

NA 
10 
10 
10 
10 

NA 
2 

400 
1 

500 
120 

5 
10 
5 

260 

J 
U 

u 
u 
u 
u 

u 

u 
u 

u 
UJ 
UJ 

10 
5.0 
NA 
NA 
1.0 
1.0 
16 

1.200 
3 

910 
1.0 
NA 
100 
NA 
1.0 
NA 
160 

U 
U 

U 
U 

U 

U 

U 

J 

10 
5 

NA 
10 
10 
10 
10 

NA 
10 

2,300 
1 

NA 
20 
5 

10 
5 

38 

UJ 
U 

U 
U 
U 
U 

U 

U 

U 
U 
UJ 
UJ 

10 U 
5.0 U 
NA 
NA 
3.0 
8.0 
I.O U 

24.000 BJ 
3 U 

2,300 B 
1.0 U 
NA 
2.0 U 
NA 
1.0 UJ 
NA 
27 UB 

Volatile Orgamc Compounds 
fa Mg/L (ppb) 
Vfayl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichlorocthene 
cis-1,2-Dichloroethene 
Totd 1,2-Dichlorocthene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Toluene 
Ethylboizene 
Totd Xylene 

1 u 
1 u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
I U 
1 U 
1 U 

8 

3 

4 

1 

U 
U 
J 

u 
u 
u 
u 
u 
u 

u 

5 

3 

U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

14 

3 

2 
1 

u 
u 
J 

u 
u 
u 
u 
u 
u 

u 

1 u 
1 u 
5 U 
1 u 
I u 
1 u 
3 U 
1 U 
1 U 
2 
1 U 

1 u 1 u 1 u 1 u 1 u 1 u I u 

Miscellaneous Parameters 
fa Mg/L (ppb) 
Formddehyde 5.0 U 5.0 U 33 

Miscdianeous Parameters 
fa mg/L ( i ^ ) 
Totd Dissolved Solids 
Totd Suspoided Solids 
Ruoride 
Hardness as CaC03 

12.000 
NA 
NA 
NA 

11.000 
NA 
NA 
NA 

11.000 
100 
0.6 
NA 

580 
NA 
NA 
NA 

530 
94 
1.5 
190 

7.400 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
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Table C-8 - Summary of Gencral/FiU Area Groundwater Resdts 

Sample Location: 
Date Sampled: 

SemivcdatUe Orgamc Compounds 
fa Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Naptbdme 
2-Methylnapthdene 
Acenapthylene 
Acenapthene 
Dibenzofiiran 
Ruorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 
Benzo(a)anthracene 
Chtysene 
Bis(2-ethyUiexyl)phthdate 
Di-n-octyl phthdate 
B«izo(b)fluoranthene 
Bcnzo(k)fluoranthene 
Bcnzo(a)pyrene 
fadeno( 1,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)petylene 

Fidd Parameters 
pH 
Temperature fa "C 
Specific Conductivity fa t̂Mhos 
Dissolved Oxygen fa ppm 

Chloriaated Pesticides 
fa Mg/L (ppb) 

HC-31 
Jan 1990 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

6.6 
11 

14,800 
4.0 

ND 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 

HC-3R 
Jan 1990 • 
Rep HC-31 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

NA 
NA 
NA 
NA 

ND 

u 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

HC-31 
Dec 1990 

2 
2 

50 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

28 
2 
2 
2 
2 
2 
2 
2 

6.2 
11 

16,100 
NA 

NA 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 
U 
U 
U 
U 
U 
U 

HC-3S 
Jan 1990 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

4.7 
10 

680 
3.8 

ND 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 

HC-3S 
Dec 1990 

2 
2 

50 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 

4.6 
12 

600 
NA 

NA 

UR 
UR 
UR 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 

u 
u 
u 
u 
u 
u 

HC-131 
Jan 1990 

2 
2 

51 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

7.0 
9 

10,200 
10.5 

ND 

u 
u 
u 
u 
u 
0 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Hart Crowser 
J-2350-07 

Sheet 4 of 10 

HC-131 
Dec 1990 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

7.0 
10 

13,700 
NA 

NA 

m'̂ ' 

PCBs fa Mg/L (ppb) ND ND NA ND NA ND NA 

ONL-OW.WKl 
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Table C-8 - Summaty of General/FiU Area Groundwater Resdts 

Hart Crowser 
J-2350-07 

Sheet 5 of 10 

Sample Location: 
Date Sampled: 

HC-13S 
Jan 1990 

HC-13S 
Dec 1990 

HC-141 
Jan 1990 

HC-141 
Dec 1990 

HC-14S 
Jan 1990 

HC-14S 
Dec 1990 

Dissolved Metals 
fa Mg/L (ppb) 
Antimony 
Arsenic 
Barium 
BeryUium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercuty 
Molybdenum 
Nickd 
Sdenium 
SUver 
ThalUum 
Zfac 

10 
5 

NA 
10 
10 
10 
21 

NA 
2 

16,000 
1 

NA 
340 

5 
10 
5 

230 

UJ 
U 

U 
U 
U 

U 

U 

U 
U 
UJ 

10 
5.0 
NA 
NA 
25 

8.0 
9.0 

170,000 
3 

200 
1.0 
NA 
640 
NA 
1.0 
NA 
370 

U 
U 

BJ 
U 
B 
U 

UJ 

B 

10 
5 

NA 
10 
10 
10 
10 

NA 
10 

1,200 
1 

NA 
20 
5 

10 
5 

33 

UJ 
U 

U 
U 
U 
U 

U 

U 

U 
U 
UJ 
UJ 

10 
5.0 
NA 
NA 
5.4 
5.0 
1.0 

29,000 
3 

720 
1.0 

NA 
2.0 
NA 
5.0 
NA 
94 

U 
U 

U 
BJ 
U 
B 
U 

u 

J 

B 

17 
5 

NA 
10 
10 
10 
10 

NA 
2 

30 
1 

NA 
20 
5 

10 
5 

35 

J 

u 

u 
U 
U 
U 

U 
U 
U 

U 
U 
UJ 
UJ 

10 U 
5.0 U 
NA 
NA 
1.0 U 
1.0 U 
3.0 
410 

3 U 
93 
1.0 U 

NA 
6.0 
NA 
1.0 U 

NA 
17 J 

VolatUe Organic Compounds 
fa Mg/L (ppb) 
Vfayl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichlorocthene 
cis-1,2-Dichloroethene 
Totd 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Totd Xylene 

I U 
I U 
5 U 
1 U 
1 U 
1 U 
3 U 
I U 
I U 
1 U 
1 U 
1 U 

1 U 
I u 
5 U 
1 U 
I U 
1 U 
3 U 
1 U 
1 U 
1 
1 U 
1 U 

I U 
1 U 

I U 
I U 
3 U 
1 U 
I U 
1 
I U 
I U 

I u 
1 u 
5 U 
1 U 
1 U 
1 U 
3 U 
I U 
1 U 
1 U 
1 U 
1 U 

1 U 
1 U 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
I U 

1 u 
1 u 
5 U 
I U 
I U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 

Miscellaneous Parameters 
mitgfL(pfh) 
Formddehyde 260 14 5.0 U 

MisceUaneous Parameters 
in mg/L (ppb) 
Totd Dissolved Solids 
Totd Suspended Solids 
Ruoride 
Hardness as CaC03 

4,800 
NA 
NA 
NA 

4,700 
300 
0.3 

1400 

13,000 
NA 
NA 
NA 

14,000 
530 
0.7 
NA 

280 
NA 
NA 
NA 

230 
170 
1.3 

no 
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Table C-8 - Summary of General/FiU Area Groundwater Resdts 

Sample Location: 
Date Sampled: 

HC-13S 
Jan 1990 

HC-13S 
Dec 1990 

HC-141 
Jan 1990 

HC-141 
Dec 1990 

HC-14S 
Jan 1990 

Hart Crowser 
J-2350-07 

Sheet 6 of 10 

HC-14S 
Dec 1990 

^ M ^ ' 

Semivolatile Organic Coinpounds 
fa Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthdene 
2-Methylnapthdene 
Acenapthylene 
Acenapthene 
Dibmzofuran 
Ruorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 
Beazo(a)anthracene 
Chtysene 
Bis(2-ethyUiexyl)phthalate 
Di-n-octyl phthdate 
Benzo(b)fIuoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
fadeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo{g .h, i)petylene 

Fidd Parameters 

pH 
Temperature fa "C 
Specific Conductivity fa MMhos 
Dissolved Oxygen fa ppm 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
4 
4 
4 
4 
4 
4 

5.8 
11 

3,800 
4.1 

U 
U 
U 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
JBR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 

25 

11 

5.0 
13 

4,100 
NA 

U 
U 
U 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UR 
UB 
UR 
UR 
UR 
UR 
UR 
UR 
UR 

2 
2 

51 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

6.7 
8 

17,300 
5.3 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 

25 

5.8 
11 

18,800 
NA 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 
U 
U 

u 
u 
u 
u 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

10 
2 
4 
4 
4 
4 
4 
4 

6.5 
8 

520 
5.9 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 

u 
u 
u 
u 
u 
u 
u 

1 u 
1 u 

25 U 
1 u 
1 U 
1 u 
1 u 
1 U 
1 U 
1 U 

1 u 
I u 
1 u 
1 u 
1 u 
4 U 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 
1 u 

6.1 
10 

300 
NA 

Chlorinated Pesticides 
fa Mg/L (ppb) 

ND NA ND NA ND NA 

PCBs fa Mg/L (pfto) ND NA ND NA ND NA 

0NL.OW.WK1 
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Table C-8 - Summary of General/FUl Area Groundwater Resdts 

Hart Crowser 
J-2350-07 

Sheet 7 of 10 

•'̂ iijiii'' 

Sample Location: 
Date Sampled: 

HC-171 
Jan 1990 

HC-171 
Dec 1990 

HC-17S 
Jan 1990 

HC-17S 
Dec 1990 

HC-18S 
J8al990 

HC-18S 
Dec 1990 

Dissolved Metals 
fa Mg/L (ppb) 
Antimony 
Arsenic 
Barium 
BetyUium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 

Manganese 
Mercuty 
Molybdenum 
Nickd 
Sdenium 
SUver 
ThaUium 
Zfac 

10 UJ 
5 U 

NA 
10 U 
10 U 
10 U 
10 u 

NA 
6.4 
380 

I U 
NA 
20 U 

5 U 
10 U 
5 UJ 

35 

10 
5.0 
NA 
NA 
1.0 
9.0 
1.0 

4,600 
3 

250 
1.0 
NA 
2.0 
NA 
1.0 

NA 
17 

U 
U 

U 

U 
BJ 
U 
B 
U 

u 

UJ 

UB 

10 
5 

NA 
10 
10 
10 
10 

NA 
2 

600 
1 

NA 
20 
5 

10 
5 

48 

UJ 
U 

U 
U 
U 
U 

U 

U 

U 
U 
U 
UJ 

10 
5.0 
NA 
NA 

16 
2.0 
6.0 

130,000 
3 

410 
1.0 
NA 
25 

NA 
1.0 
NA 
210 

U 
U 

BJ 
U 
B 
U 

UJ 

B 

10 
5 

NA 
10 
10 
10 
10 

NA 
2 

800 

1 
NA 
20 

5 
10 
5 

10 

UJ 
U 

U 
U 
U 
U 

U 

u 

u 
u 
u 
UJ 

u 

10 u 
5.0 U 
NA 
NA 
4.0 
1.0 u 
1.0 U 

27,000 
3 U 

1,900 
1.0 U 
NA 
6.0 
NA 
1.0 U 
NA 
32 

Volatile Organic Compounds 
fa Mg/L (ppb) 
Vfayl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Totd 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Totd Xylene 

1 U 
1 U 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
I U 
9 
1 U 
1 U 

1 U 
I U 
5 U 
1 U 
1 U 
1 U 
3 U 
I U 
I U 
1 U 
1 U 
1 U 

1 U 
1 U 
5. U 
I U 
I U 
1 U 
3 U 
I U 
1 U 

1 y 
1 U 
1 U 

1 u 
1 u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
I U 
1 U 
1 U 
1 U 

1 U 
1 U 
5 U 
1 U 
I U 
1 U 
3 U 
I U 
1 U 
1 U 
1 U 
I U 

1 U 
1 U 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 

Miscdianeous Parameters 
mftg/Hpfb) 
Fonnddehyde 5.0 U R 16 5.8 

Miscellaneous Parametas 
fa mg/L (ppb) 
Totd Dissolved Solids 
Totd Suspended SoUds 
Ruoride 
Hardness as CaC03 

8,900 
NA 
NA 
NA 

8,400 
680 
0.6 
NA 

1.200 
NA 
NA 
NA 

1.100 
200 
6.8 
320 

650 
NA 
NA 
NA 

620 
44 B 

2.6 
270 
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Table C-8 - Sumnuuy of General/FiU Area Groimdwater Resdts 
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Sample Location: 
Date Sampled: 

HC-171 
Jan 1990 

HC-171 
Dec 1990 

HC-17S 
Jan 1990 

HC-17S 
Dec 1990 

HC-18S 
Jan 1990 

HC-18S 
Dec 1990 

Semivolatile Orgaaic Compounds 
fa Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthdene 
2-Methyfaapthdene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Ruorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethytoexyl)phthdate 
Di-n-octyl phthalate 
B«izo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
fadcno(l ,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

Fidd Parameters 

pH 
Temperature fa "C 
Specific Conductivity fa /iMhos 
Dissolved Oxygen fa ppm 

Chlorinated Pesticides 
fa Mg/L (ppb) 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

6.6 
11 

12,500 
2.5 

ND 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 

u 
u 
u 
u 
u 
u 
u 

25 

2 
2 

NA 
7.9 

12,600 
NA 

NA 

U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
UB 
U 
U 
U 
U 
U 
U 
U 

2 
2 

. 51 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

7.0 
9 

1,200 
3.0 

ND 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 

25 

12 

NA 
6.9 

1,200 
NA 

NA 

UR 
UR 
UR 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
UB 
U 

u 
u 
u 
u 
u 
u 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
4 
4 
4 
4 
4 
4 

7.0 
10 

700 
2.4 

ND 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
J 

u 
u 
u 
u 
u 
u 
u 

I u 
1 u 

25 U 
1 U 

1 u 
1 u 
I u 
1 u 
1 u 
1 u 
1 u 
I u 
1 u 
1 u 
1 u 
2 UB 
1 U 
1 U 
1 U 
1 U 
1 U 
1 u 
1 u 

8.5 
11.9 
800 
2.0 

NA 

PCBs fa Mg/L (ppb) ND NA ND NA ND NA 

ONL-OW.WKl 
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Table C-8 - Summaty of General/FiU Area Groundwater Resdts 
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Sample Location: 
Date Sampled: 

MW-281 (a) MW-281 (a) MW-281 (a) MW-291 (a) MW-291 (a) MW-291 (a) 
Oct 1989 Jan 1990 Jdy 1990 Oct 1989 Jaa 1990 Jdy 1990 

Dissolved Metds 
fa Mg/L (ppb) 
Antimony 
Arsenic 
Barium 
BetyUium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 

Manganese 
Mercuty 
Molybdenum 
Nickd 
Sdenium 
SUver 
ThaUium 
Zfac 

NA 
2.3 
143 
NA 
4.0 
2.8 
NA 
NA 
I.O 

1,150 
NA 
195 

41.6 
NA 
NA 
NA 

21.4 

J 
J 

U 
U 

u 

u 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5648 
NA 
NA 
NA 
NA 
NA 

2.0 UJX 
1.3 X 
150 JX 
4.0 JX 
4.0 JX 
7.0 UJX 

39.0 JX 
NA 

3.00 JX 
977 JX 

0.03 UX 
247 X 

68.0 JX 
1.0 URX 

36.0 RX 
3.0 URX 

54.0 JX 

NA 
3.5 

14.3 
NA 
4.0 

20.4 
NA 
NA 
1.0 

470 
NA 
6.0 

41.6 
NA 
NA 
NA 
9.6 

J 
J 

U 

U 

U 
U 

U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5648 
NA 
NA 
NA 
NA 
NA 

2.0 UJX 
1.8 X 

32.0 UJX 
2.0 JX 
4.0 JX 

17.0 JX 
19.0 JX 
NA 

6.50 JX 
468 JX 

0.03 UX 
15.0 UX 
84.0 JX 

1.0 URX 
19.0 RX 
3.0 URX 

43.0 JX 

VolatUe Orgamc Compounds 
fa Mg/L (ppb) 
Vfayl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichlorocthene 
cis-1,2-Dichloroethene 
Totd 1.2-Dichlorocthene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Totd Xylene 

Miscdianeous Parameten 
fa Mg/L (ppb) 
Formddehyde 

10 U 
5 U 

10 U 
5 U 

NA 
NA 
NA 

5 U 
5 U 
5 U 
5 U 

NA 

10 
NA 
NA 

5 
NA 
NA 
NA 

5 
5 

NA 
NA 
NA 

U 

U 

U 
U 

10 
NA 

10 
5 

NA 
5 

10 
5 
5 
5 
5 
5 

U 

U 

u 

u 
u 
u 
u 
u 
u 
u 

10 
5 

10 
5 

NA 
NA 
NA 

5 
5 
5 
5 

NA 

U 
U 
U 
U 

U 
U 

u . 
u 

10 
NA 
NA 

5 
NA 
NA 
NA 

5 
5 

NA 
NA 
NA 

U 

U 

U 
U 

10 U 
NA 

10 U 
5 U 

NA 
5 U 

10 U 
5 U 
5 U 
5 U 
5 U 
5 U 

50 U 60 U 50 U 50 U 60 U 50 U 

Miscdianeous Parameters 
fa mg/L (ppb) 
Totd Dissolved Solids 
Totd Suspended Solids 
Ruoride 
Hardness as CaC03 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
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Table C-8 - Summary of General/FiU Area Groimdwater Resdts Sheet 10 of 10 

Sample Location: 
Date Sampled: 

SeinivolatUe Organic ConqKMinds 
fa Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthdene 
2-Methylnapthdene 
Acenapthyleae 
Acenapthene 
Dfaenzofuran 
Ruorene 
Pheaumthrene 
Anthracene 
Ruoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthdate 
Di-n-octyl phthdate 
Benzo(b)fluoranthene 
Benzo(k){luoranthenc 
Benzo(a)pyrene 
fadeno( 1,2,3-cd)pyrene 
Dibenzo(a.h)anthracene 
Benzo(g ,h. i)pcrylene 

Fidd Parameters 

pH 
Temperature fa °C 
Specific Conductivity m ^Mhos 
Dissolved Oxygen fa ppm 

Chlorinated Pesticides 
fa Mg/L (ppb) 

MW-281 (a) 
Oct 1989 

NA 
10 U 

NA 
10 U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 B 
10 U 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA , 

MW-281 (a) 
Jan 1990-

NA 
10 U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 U 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

MW-281 (a) 
Jdy 1990 

10 
10 
50 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

NA 
NA 
NA 
NA 

NA 

U 
U 
U 
U 
U 
U 

u 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

MW-291 (a) 
Oct 1989 

NA 
10 

NA 
10 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5 
10 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

U 

U 

JB* 
U 

MW-291 (a) 
Jan 1990 

NA 
to U 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

10 U 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 

MW-291 (a) 
Jdy 1990 

10 U 
10 U 
50 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u • 
10 u 
10 u 
10 u 

NA 
NA 
NA 
NA 

NA 

PCBs fa Mg/L (ppb) ND NA NA ND NA NA 

OHL-OW.WICI 
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Table C-9 - Summaty of North Site Area Groundwater Results 

Sample Location: 
Date Sampled: 

Dissolved Metds 
fa Mg/L (ppb) 
Antimony 
Arsemc 
BetyUium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 

Manganese 
Mercuty 
Molybdenum 
Nickd 
Sdenium 
SUver 
ThaUium 
Zfac 

HC-7S 
Jan 1990 

HC-7S (a) 
Oct 1990 

HC-7S 
Dec 1990 

HC-8S 
Jan 1990 

HC-8S (a) 
Oct 1990 

Hart Crowser 
J-2350-07 

Sheet 1 of 4 

HC-8S 
Dec 1990 

10 UJ 
47 

1 u 
1 J 
1 J 
1 U 

NA 
3.6 
540 

1 U 
50 UJ 
2 UJ 
5 U 
1 U 
5 UJ 
6 

5 
49 

I 
1 
2 
1 

NA 
3 

NA 
1.0 
NA 

2 
5 
I 
2 

3.4 

U 
U 
UB 
U 

U 

U 

U 
U 
U 
U 
UB 

10 
58 

NA 
2.0 
2.0 
1.0 

15,000 
3 

360 
1.0 
NA 
2.0 
NA 
1.0 

NA 
50 

U 

J 

U 
B 
U 
B 
U 

U 

UJ 

UJ 

10 
5 
1 
1 
1 
1 

NA 
2 

580 
1 

50 
13 
5 
1 
5 

19 

UJ 
U 
U 
UJ 
UJ 
U 

U 

U 
UJ 
BJ 
U 

u 
UJ 

4 

NA 
3 

NA 
1.0 

NA 
50 
5 
1 
2 

3.2 

U 
U 
U 
U 
U 

U 

U 

U 
U 
U 
UB 

10 U 
5.0 U 
NA 
1.0 U 
1.0 u 
I.O U 

8.200 
3 U 

440 
1.0 U 
NA 
23 

NA 
1.0 U 
NA 

19 J 

VdatUe Organic Compounds 
fa Mg/L (ppb) 
Vfayl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichloroethene 
cis-1,2-Dichlorocthene 
Totd 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 

• Toluene 
Ethylbenzene 
Totd Xylene 

85 
I U 
5 U 
I 
I U 
1 
3 U 
1 U 
1 U 
1 U 
I U 

22 
I U 
5 U 
1 U 
I U 
1 U 
3 U 
1 U 
I U 
1 U 
1 U 

44 
1 U 
5 U 
1 U 
1 U 
I U 
3 U 
1 U 
1 U 
I U 
I U 

10 
I 
5 
2 
3 
5 
3 
1 
1 
1 
1 

U 
U 

U 

u 
u 
u 
u 

24 
I U 
5 U 
2 
5 
8 
3 U 
I U 
1 U 
1 U 
1 U 

1 u 
1 u 

1 u I u 1 u 1 u 1 u 

1 u 
1 u 
1 u 
1 u 

Miscdianeous Parameters 
fa Mg/L ( i ^ ) 
Fonnddehyde NA 25 NA 5.0 U 

Miscdianeous Parameters 
fa mg/L (ppm) 
Totd Dissolved SoUds 
Totd Suspended Solids 
Ruoride 
Hardness as CaC03 

890 
NA 
NA 
NA 

1,000 J 
1,000 J 

NA 
NA 

730 
96 
6 

450 

410 
NA 
NA 
NA 

430 J 
630 J 
NA 
NA 

330 
76 
1.4 
160 
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Table C-9 - Summaty of North Site Area Groundwater Resdts 

Hart Crowser 
J-2350-07 

Sheet 2 of 4 

''W^ 
Sample Location: 
Date Sampled: 

HC-7S 
Jan 1990 

HC-7S (a) 
Oct 1990 

HC-7S 
Dec 1990 

HC-8S 
Jan 1990 

HC-8S (a) 
Oct 1990 

HC-8S 
Dec 1990 

Semivolatile Organic Compounds 
fa Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthdene 
2-Methylnapthdene 
Aceoapthylene 
Acenapthene 
Diboizofuran 
Ruorme 
Phenanthrene 
Anthracoie 
Ruoranthene 
Pyrene 

Beazo(a)anthracene 
Chtysene 
Bis(2-ethyUiexyl)phthdate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l ,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h, i)petylen6 

Fidd Parameters 
pH 
Temperature fa °C 
Specific Conductivity fa ^Mhos 
Dissolved Oxygen fa ppm 

Chloriaated Pesticides 
fa Mg/L (ppb) 

PCBs fa Mg/L (ppb) 

2 
2 

51 
4 
2 
2 
2 
2 
2 

' 2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

7.2 
10 

1,520 
2.5 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

NA 
NA 
NA 
9.0 
NA 
l.l 
9.0 
NA 

0.21 
0.09 
O.IO 
0.67 

l.l 
0.08 
0.15 
NA 
NA 

0.21 
0.16 
0.10 
0.06 
0.15 
0.35 

7.1 
18.4 

1,800 
3.1 

U 

J 
U 

J 

u 
J 

u 
u 

2 
2 

50 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
5 
2 
2 
2 
2 
2 
2 
2 

6.8 
12 

1,300 
1.4 

U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
UB 

u 
u 
u 
u 
u 
u 
u 

2 
2 

51 
4 
2 
2 
2 
2 
2 
2 
2 
6 
6 
2 
3 

2 
2 
4 
4 
4 
4 
4 
4 

7.0 
8 

540 
2 J 

u 
u 
u 
u 
U 
U 
U 
U 
U 
U 
U 

U 

U 
U 
U 
U 

u 
u 
u 
u 

NA 
NA 
NA 

0.11 J 
NA 
3.4 
1.8 U 
NA 

0.20 J 
0.27 J 
0.58 J 

7.3 
11 

0.01 U 
7.4 
NA 
NA 
2.7 

0.38 
0.59 
0.35 
0.48 
0.60 

7.3 
17 

590 
3.5 

ND 

ND 

NA 

NA 

NA 

NA 

ND 

ND 

NA 

NA 

2 
2 

50 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

10 
2 
2 
2 
2 
2 
2 
2 

6.6 
9.6 
490 
2.2 

NA 

NA 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
Ul 

u 
u 
u 
u 
u 
u 
u 

NSA-OW.WKl 

Notes: 
U Indicates compound was andyzed for but not detected 

at the given detection limit.-
J fadicates an estimated vdue. 
B fadicates andyte was detected fa laboratoty method blank. 
X fadicates compoimd was tentativdy identified. 
R Data was unuseable based on data validation criteria. 
NA Not andyzed. 
(a) PAHs for these samples were andyzed usfag EPA method 8310. 

AU other samples were andyzed usmg method 8270. 
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Table C-9 - Summaty of North Site Area Groundwater Resdts 

Hart Crowser 
J-2350-07 

Sheet 3 of 4 

Sample Location: 
Date Sampled: 

Dissolved Metals 
fa Mg/L (ppb) 
Antimony 
Arsenic 
BetyUium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 

Manganese 
Mercury 
Molybdenum 
Nickd 
Sdenium 
SUver 
ThaUium 
Zinc 

HC-8SA 
Doc 1990 

HC-9S (a) 
Oct 1990 

HC-9S 
Dec 1990 

HC-21S (a) 
Oct 1990 

Replicate 

10 
5.0 
NA 
1.0 
1.0 
1.0 

8.300 
3 

460 
1.0 
NA 
23 

NA 
1.0 

NA 
16 

U 
U 

U 
U 
U 

U 

U 

U 

J 

3 
92 

1 
1 

2.6 
I 

NA 
3 

NA 
1.0' 
NA 

2 
5 
1 
2 

8.8 

U 

U 

UB 
U 

U 

U 

U 
U 
U 
U 
B 

41 
32 

NA 
1.0 
1.0 
2.0 

1.100 
3 

160 
1.0 
NA 
4.0 
NA 
1.0 

NA 

no 

u 

u 

u 

u 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HC-21S 
Dec 1990 

10 U 
5.0 U 
NA 
1.0 UJ 
1.0 
2.0 

1.400 B 
3 U 

510 B 
1.0 U 
NA 

8.0 UB 
NA 
1.0 UJ 

NA 
9.0 J 

VdatUe Orgaaic Compounds 
fa Mg/L (ppb) 
Vfayl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Totd 1.2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Toluene 
Ethylbenzene 
Totd Xylene 

MisceUaneous Parameters 
ia ng/L (ppb) 
Formddehyde 

6 
I U 
5 U 
1 U 
1 
1 
3 U 
1 U 
1 U 
1 U 
1 U 

63 
1 U 
5 U 
1 U 
I U 
1 U 
3 U 
1 U 
I U 
1 U 
1 U 

1 u 

5.0 U 

1 U 

12 
1 U 
5 U 

•I U 
I U 
1 U 
3 U 
1 U 
I U 
1 U 
1 U 

64 
1 
5 
2 
2 
4 
3 
1 
1 
1 
I 

U 
U 

u 
u 
u 
u 
u 

27 
1 U 
5 U 
1 U 
1 
1 
3 U 
1 U 
1 U 
1 U 
1 U 

NA 

1 U 

12 

1 U 

NA 

I U 

5.0 U 

Miscdianeous Parameters 
fa mg/L (ppm) 
Totd Dissolved SoUds 
Totd Suspended Solids 
Ruoride 
Hardness as CaC03 

330 
81 
1.3 
160 

890 J 
1,600 J 

NA 
NA 

240 J 
260 B 
3.6 
120 

1.100 J 
1,800 J 

NA 
NA 

1.200 
630 
8.6 
610 
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Table C-9 - Summaty of North Site Area Groundwater Resdts 

Hart Crowser 
J-2350-07 

Sheet 4 of 4 

S<unple Location: 
Date Sampled: 

HC-8SA 
Dec 1990 

HC-9S (a) 
Oct 1990 

HC-9S 
Dec 1990 

HC-21S (a) 
Oct 1990 

RepUcate 

HC-21S 
Decl990 

Semivolatile Orgaaic Compounds 
fa Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthdene 
2-Methylnapthdene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Ruorene 
Phenanthrene 
Anthracene 
Ruoranthene 
Pyr«ie 
Benzo(a)anthracene 
Chtysme 
Bis(2-ethyUiexyl)phthdate 
Di-n-octyl phthdate 
Benzo(b)Uuoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
fadeno( 1,2,3-cd)pyrene 
Dibenzo(a.h)anthracene 
Benzo(g .h, i)pery lene 

Fidd Parameters 
pH 
Temperature fa "C 
Specific Conductivity fa MMhos 
Dissolved Oxygen fa ppm 

Chlorinated Pesticides 
fa Mg/L (ppb) 

PCBs fa Mg/L (ppb) 

2 
2 

50 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 

NA 
NA 
NA 
NA 

NA 

NA 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 
U 
U 
U 
U 
U 
U 

NA 
NA 
NA 
9.0 U 
NA 

0.76 J 
9.0 U 
NA 

0.25 J 
1.3 J 

0.03 J 
2.4 
4.3 

0.58 
1.1 
NA 
NA 

0.90 
1.6 

0.10 U 
l.l 

0.15 U 
0.22 J 

NA 
18 

1,500 
2.4 

NA 

NA 

25 

2 
2 

6 

6.8 
7.3 
340 
4.2 

NA 

NA 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 

UB 
U 
U 
U 
U 
U 
U 
U 

NA 
NA 
NA 
9.0 U 
NA 

11 J 
7.1 J 
NA 

0.76 J 
0.85 J 

l.l J 
25 
36 

0.05 U 
NA 
NA 
NA . 
8.5 
3.9 
1.4 

0.97 
1.3 
1.8 

NA 
14 

1,500 
4.3 

NA 

NA 

2 U 
2 U 

50 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
4 UB 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 

6.8 
9.8 

1,490 
3.6 

NA 

NA 

•«8i» t' 

NSA-OW.Wri 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Sample Location: 
Date Sampled: 

HC-41 
Jan 1990 

HC-4I(a) 
Oct 1990 

HC-41 
Dec 1990 

HC-4S 
Jan 1990 

Hart Crowser 
J-2350-07 

Sheet Io f 33 

HC-4S (a) 
Oct 1990 

Dissolved Metals 
in/ig/L(ppb) 
Antimony 
Arsemc 
Arsenic (+3) 
Arsenic (+5) 
Beryllium 
Cadmium 
Chromium 
Chromiimi (+6) 
Copper 
Iron 
Lead 

Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

10 UJ 
5 U 

NA 
NA 

10 U 
10 u 
10 u 

NA 
10 U 

NA 
50 

490 
1 U 

20 U 
5 U 

10 U 
5 UJ 

40 

3 
5 

NA 
NA 

1 
1 

17 
NA 

15 
NA 
4.1 
NA 
1.0 
5.4 

5 
1 
2 

160 

U 
U 

U 
U 
B 

U 

U 
U 
U 
B 

10 
5.0 
NA 
NA 
NA 
1.0 
12 

NA 
1.0 

1,100 
3 

110 
1.0 
2.0 
NA 
1.0 

NA 
48 

U 
U 

U 

U 
BJ 
U 
B 
U 
U 

UJ 

B 

10 
33 

NA 
NA 

10 
10 
87 

NA 
18 

NA 
100 
330 

1 
75 

5 
10 
5 

36 

UJ 

U 
U 

J 

U 

U 
U 
UJ 

5 
220 
NA 
NA 

10 U 
10 U 

190 
NA 
70 

NA 
38 

NA 
1.0 U 
120 

5 U 
10 U 
2 U 

79 

Volatile Organic (Compounds 
in Mg/L (ppb) 
Vinyl chloride 
Methylene chloride 
Acetone 

trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butaiione (MEK) 
Trichloroethene 
Benzene 

Tetrachloroethene 
Toluene 
Ethylbenzene 
Total Xylene 

1 U 
1 U 
5 U 

3 

2 

U 
U 
U 
U 
U 
U 
U 

U 
U 

1 u 
1 u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

1 u 
1 u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

5 U 
5 U 

52 J 
5 U 
5 U 
5 U 

15 U 
5 U 

50 
5 U 

72 
13 
93 

5 
5 

74 
5 
5 
5 

15 
5 

42 
5 

69 
14 
77 

U 
U 

U 
U 
U 
U 
U 

U 

Miscellaneous Parameters 
in Mg/L (ppb) 
Formaldehyde NA 5.0 U NA 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Hart Crowser 
J-2350-07 

Sheet 2 of 33 
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Sample Location: 
Date Sampled: 

HC-41 
Jan 1990 

HC-41 (a) 
Oct 1990 

HC-41 
Dec 1990 

HC-4S 
Jan 1990 

HC-4S (a) 
Oct 1990 

Miscellaneous Parameters 
in mg/L (ppm) 
Total Dissolved Solids 
Total Suspended Solids 
Fluoride 
Hardness as CaC03 
(Zalcium 
Chloride 
Hydrogen Sulfide as S 
Magnesium 
Sodium 
Sulfate as S04 
Total Alkalinity as CaC03 

Semivolatile Organic Compounds 
in Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 

> Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fIuoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

10,000 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

50 
4 
2 
2 
2 
2 
2 

' 2 
2 
2 
2 
2 
2 
4 
2 
4 
4 
4 
4 
4 
4 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 
U 
U 
U 
U 
U 
U 

11,000 
770 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
1.8 
NA 
2.3 
1.8 
NA 

0.21 
0.64 
0.66 
0.21 
0.27 
0.01 
0.15 
NA
NA 

0.02 
0.01 
0.02 
0.04 
0.03 
0.07 

J 
J 

u 

u 
u 

u 
u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
u 

11,000 
65 

0.8 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

33 

2 

u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 
U 
U 
U 
U 
U 
U 

9,200 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

83 
34 

100 
13 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
9 
4 
8 
8 
8 
8 
8 
8 

U 

U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
UB 

u 
u 
u 
u 
u 
u 
u 

13,000 J 
98 J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

12 J 
NA 
7.9 J 
27 UJ 

NA 
1.2 J 
2.3 J 

0.30 J 
0.54 J 

2.9 J 
0.15 UJ 

2.3 UJ 
NA 
NA 

0.93 J 
0.15 UJ 
0.30 UJ 
0.60 UJ 
0.45 UJ 

1.1 UJ 
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Table C-10 - Siunmary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Hart Crowser 
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Sample Location: 
Date Sampled: 

HC-41 
Jan 1990 

HC-41 (a) 
Oct 1990 

HC-41 
Dec 1990 

HC-4S 
Jan 1990 

HC-4S (a) 
Oct 1990 

Field Parameters 

pH 
Temperature in ' C 
SpeciiRc (Conductivity in MMhos 
Dissolved Oxygen in ppm 

Organ(^rfi06{^rous Pesticides 
m Mg/L (ppb) 

6.8 
12 

13,900 
2.3 

NA 

6.0 
17 

14,100 
6.2 

NA 

6.5 
12.8 

14,500 
2.9 

NA 

10.6 
9 

5,900 
0.6 

NA 

10.6 
19.9 

13,300 
NA 

NA 

Chlorinated Pesticides 
in Mg/L (ppb) ND NA NA ND NA 

PCBs in Mg/L (ppb) ND NA NA ND NA 

Chlorinated Herbicides 
in Mg/L (ppb) 
2,4-DB 
Dinoseb 

NA 
NA 

Notes: 
U 
J 
B 
R 
T 
NA 
ND 
(a) 

NA NA NA 
NA NA NA 

lodicatea compound wat totlyzed for Iwt not detecied at the given 

Indicatea an eitinuted value. 

Indicales analyte waa detected in UtKiratory method blank. 

DaU was unuaeable baaed on dau validation criteria. 

Flagged valuea icpreaent lum of two co-elutiog compounds. 

Not analyzed. 

Not detected at varioua detection limiu. 

PAHs for these samples were analyzed using EPA method 8310. 

NA 
NA 

detection limit. 

All other samples were analyzed uaing method 8270. 

OPA-OW.WKl 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results Sheet 4 of 33 

Sample Location: HC-4S HC-5S HC-5S (a) HC-lOO HC-5S 
Date Sampled: Dec 1990 Jan 1990 Oct 1990 Oct 1990 Dec 1990 

Rep HC-5S 
Dissolved Metals 

in/tg/L (ppb) 

Antimony 10 U 10 UJ 6 3 10 U 
Arsenic 180 200 230 220 150 
Arsenic (+3) 
Arsenic (+5) 
Beryllium 
Cadmium 
Chromium 
Chromiiun (+6) 
Copper 
Iron 
Lead 

Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

Volatile Organic Compounds 
in Mg/L (ppb) 
Vinyl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 

Tetrachloroethene 
Toluene 
Ethylbenzene 
Total Xylene 

Miscellaneous Parameters 
in Mg/L (ppb) 
Fonnaldchyde 56 R NA NA 140 

57 
87 

NA 
1.0 U 
35 

570 R 
1.0 B 
57 UBJ 

5 
12 B 

1.0 U 
3.0 
NA 
1.0 UJ 

NA 
4.0 UB 

NA 
NA 

1 
1 

88 
NA 

6 
NA 

4 
160 

1. 
7 
5 
4 
5 
6 

U 
UJ 
J 

U 

u 
UJ 

u 

UJ 

NA 
NA 

10 
10 

150 
NA 

58 
NA 
74 

NA 
1.0 
32 

5 
10 
2 

90 

U 
U 

U 

U 
U 
U 

NA 
NA 
1.6 

1 
150 
NA 

47 
NA 
55 

NA 
1.0 
32 

5 
1 
2 

80 

U 
B 

U 

U 

u 
u 
B 

56 
51 

NA 
1.0 U 
120 
370 R 
3.0 UB 
90 UBJ 
15 
55 B 
1.0 U 
5.0 
NA 
1.0 UJ 
NA 
7.0 UB 

5 
5 

25 
5 
5 
5 

15 
5 

30 
5 

55 
12 
63 

U 
U 
U 

u 
u 
u 
u 
u 

u 

1 u 
1 u 
5 U 
1 u 
1 u 
1 u 
3 U 
1 U 

18 
1 U 
1 U 
1 U 
1 U 

1 U 
1 U 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 

17 
1 U 
1 U 
1 U 
1 U 

2 U 
2 U 
0 U 
2 U 
2 U 
2 U 
6 U 
2 U 
7 
2 U 
2 U 
2 U 
2 U 

5 U 
5 U 

25 U 
5 U 
5 U 

, 5 U 
15 U 
5 U 
5 U 
5 U 
5 U 
5 U 
5 U 
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Table C-10 - Sunmiary of Ohio Ferro-Alloy/Permwalt Area Groundwater Results Sheet 5 of 33 

Sample Location: 
Date Sampled: 

Miscellaneous Parameters 
in mg/L (ppm) 
Total Dissolved Solids 
Total Suspended Solids 
Fluoride 
Hardness as CaC03 
Calcium 
Cndoride 
Hydrogen Sulfide as S 
Magnesium 
Sodium 
Sulfate as S04 
Total Alkalinity as CaC03 

Senuvolatile Organic Compounds 
m Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthalene 
2-MethyInapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
6enzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fiuoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a ,h)anthracene 
Benzo(g ,h, i)perylene 

HC-4S 
Dec 1990 

7,100 
150 
4.1 
20 

9.6 
560 
23 

5.5 
2,100 

38 
3,500 

77 
15 

250 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
41 
10 
10 
10 
10 
10 
10 
10 

J 
J 

J 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
UB 
u 
u 
u 
u 
u 
u 
u 

HC-5S 
Jan 1990 

7,500 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

51 
4 
2 
2 

' 2 
2 
2 
2 
2 

17 
26 
4 

12 
8 
2 
6 
6 
4 
4 
4 
4 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
T 
T 
U 
U 
U 
U 

HC-5S (a) 
Oct 1990 

6,400 
550 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
27 

NA 
- 5.2 

27 
NA 

0.66 
0.39 
0.27 

11 
16 

2.0 
2.7 
NA 
NA 
1.9 
4.1 

0.48 
0.15 
0.45 
0.30 

J 
J 

U 

J 

u 

J 
J 
J 

J 
u 
J 

HC-lOO 
Oct 1990 
Rep HC-5S 

6,200 J 
400 J 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
27 U 

NA 
6.0 J 
27 U 

NA 
0.18 J 
0.36 J 
0.36 J 

14 
20 

3.0 
4.1 
NA 
NA 
3.1 
5.4 

0.69 
0.24 J 
0.45 U 
0.54 J 

HC-5S 
DecI990 

5,400 
510 
6.8 
92 
23 

2,400 J 
9.8 J 
8.2 

2,300 
29 J 

1,400 

10 U 
10 U 

250 U 
10 U 
10 U 
10 U 
10 U 

10 li 
10 U 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 UB 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
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Sample Location: 
Date Sampled; 

HC-4S. 
Dec 1990 

HC-5S 
Jan 1990 

HC-5S (a) 
Oct 1990 

HC-lOO 
Oct 1990 

HC-5S 
Dec 1990 

Field Parameters 
pH 11.1 
Temperature in "C 9.5 
Specific Conductivity in /tMbos 7,600 
Dissolved Oxygen in ppm 2.1 

Rep HC-5S 

8.8 
9 

10,800 
2.1 

8.1 
20.1 

8,900 
2.7 

NA 
NA 
NA 
NA 

9.0 
11.0 

8.000 
2.2 

OtffmopbosptHXoas Pesticides 
inftg/L(n)b) 

C3ilorinated Pesticides 
infig/L(ppb) 

PCBs in fig/L (ppb) 

Chlorinated Herbicides 
in fig/L (ppb) 
2,4-DB 
Dinoseb 

ND 

ND 

ND 

9 U 
5 

NA 

ND J 

ND J 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

ND 

ND 

ND 

9 U 
2 

OFA'OW.WKl 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 
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Sample Location: 
Date Sampled: 

HC-61 
Jan 1990 

HC-61 (a) 
Oct 1990 

HC-61 
Dec 1990 

HC-6S 
Jan 1990 

HC-6S (a) 
Oct 1990 

Dissolved Metals 
in Mg/L (ppb) 
Antimony 
Arsenic 
Arsenic (+3) 
Arsenic (+5) 
Berylliimi 
Cadmium 
Chromium 
Chromium (+6) 
Copper 
Iron 
Lead 

Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Tballiimi 
Zinc 

20 UJ 
5 U 

NA 
NA 

1 U 
1 UJ 
9 J 

NA 
1 U 

NA 
2 U 

220 
1 U 
2 UJ 
5 U 
1 U 
5 UJ 
6 

3 
5 

NA 
NA 

1 
1 

9.1 
NA 

1 
NA 

3 
NA 
1.0 

2 
5 
1 
2 

7.2 

U 
U 

u 
u 
B 

u 

u 

u 
u 
u 
u 
u 
B 

10 
5.0 
NA 
NA 
NA 
1.0 
17 

NA 
1.0 

4,200 
3 

200 
1.0 
2.0 
NA 
1.0 
NA 

87 

U 
U 

U 

B 
B 
U 
B 
U 
U 

U 

B 

25 
490 
NA 
NA 

1 
2 
1 

NA 
110 
NA 
9.6 
230 

1 
18 
5 
1 
5 

68 

J 

U 
J 
UJ 

u 
BJ 
U 
U 
UJ 

6.2 
530 
NA 
NA 

1 U 
1 U 

1 u 
NA 

1 u 
NA 

3 U 
NA 
1.0 U 
5.1 

5 U 
1 U 
2 U 

14 B 

Volatile Organic (Compounds 
in /tg/L (ppb) 
Vinyl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 

Tetrachloroethene 
Toluene 
Ethylbenzene 
Total Xylene 

5 

3 

3 

U 
U 
U 

u 
u 
u 
u 
u 
u 
u 

u 
u 

1 u 
1 u 
5 U 

3 

2 

U 
U 
U 
U 

u 
u 
u 

u 
u 

1 u 
1 u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

1 U 

u 
u 

1 u 
1 u 
1 u 
3 U 
1 U 
1 U 
1 U 
1 U 
1 u 
1 u 

1 u 
1 u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 J 
1 U 
1 U 
1 U 

Miscellaneous Parameters 
in Mg/L (ppb) 
Formaldehyde NA 22 NA 
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Sample Location: 
Date Sampled: 

HC-61 
Jan 1990 

HC-61 (a) 
Oct 1990 

HC-61 
Dec 1990 

HC-6S 
Jan 1990 

HC-6S (a) 
Oct 1990 

Miscellaneous Parameters 
in mg/L (ppm) 
Total Dissolved Solids 3,600 
Total Suspended Solids NA 
Fluoride NA 
Hardness as CaC03 NA 
C^cium NA 
Chloride NA 
Hydrogen Sulfide as S NA 
Magnesium NA 
Sodium , NA 
Sulfate as S04 NA 
Total Alkalinity as C.aC03 NA 

Semivolatile Organic Compounds 
in Mg/L (ppb) 
Phenol 2 U 
4-Methylphenol 2 U 
Benzoic acid 51 U 
Napthalene 4 U 
2-Methylnapthalene 2 U 
Acenapthylene 2 U 
Acenapthene 2 U 
Dibenzofuran 2 U 
Fluorene 2 U 
Phenanthrene 2 U 
Anthracene 2 U 
Fluoranthene 2 U 
Pyrene 2 U 
Benzo(a)anthracene 2 U 
(Chrysene 2 U 
Bis(2-ethylhexyl)phthalate 3 
Di-n-octyl phthalate 2 U 
Benzo(b)fluoranthene 4 U 
Benzo(k)fluoranthene 4 U 
Benzo(a)pyrene 4 U 
Indeno(l,2,3-cd)pyrene 4 U 
Dibenzo(a,h)anthracene 4 U 
Benzo(g,h,i)perylene 4 U 

5,500 J 

93 J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4,200 I 

110 B 

0.7 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

260 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

14 U 
NA 

17 U 
14 U 

NA 
1.6 U 
4.8 U 
5.0 U 

0.18 J 
0.20 J 
0.08 U 

1.1 U 
NA 
NA 

0.08 U 
0.08 U 
0.15 U 
0.30 U 
0.23 U 
0.53 U 

1 U 
1 U 

25 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 u 
4 UB 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

680 
1,100 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 U 
2 U 
1 U 
4 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
4 U 
4 U 
4 U 
4 U 
4 U 
4 U 

NA 
NA 
NA 
1.8 U 
NA 
2.3 U 
1.8 U 
NA 
0.21 U 
0.64 U 
0.66 U 
0.04 J 

0.46 

0.05 

0.03 J 

NA 
NA 
0.09 

0.01 U 

0.03 

0.03 J 

0.03 U 

0.04 J 
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Sample Location: 
Date Sampled: 

HC-61 
Jan 1990 

HC76I (a) 
(5ct 1990 

HC-61 
Dec 1990 

HC-6S 
Jan 1990 

HC-6S (a) 
Oct 1990 

Field Parameters 
pH 6.9 
Temperature in °C 12 
Specific Conductivity in MMhos 5,600 
Dissolved Oxygen in ppm 5.1 

7.1 
15 

5,700 
6.6 

7.0 
11.5 

6,600 
4.0 

6.8 
9 

460 
3.9 

7.3 
18 

1,200 
4.0 

Organophosphorous Pesticides 
in Mg/L (ppb) 

(Chlorinated Pesticides 
in Mg/L (ppb) 

PCBs in Mg/L (ppb) 

C^hlorinated Herbicides 
in Mg/L (ppb) 
2,4-DB 
Dinoseb 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

c 

NA 

ND 

ND 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

OfA-OW.WXl 
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Sample Location: 
Date Sampled: 

HC-6S 
Dec 1990 

HC-101 
Dec 1990 

HC-IOI 
Jan 1990 

HC-IOI 
Dec 1990 

HC-IOS 
Jan 1990 

Rep HC-6S 
Dissolved Metals 

in Mg/L (ppb) 
Antimony 
Arsenic 
Arsenic (+3) 
Arsemc (+5) 
Beryllium 
Cadmium 
Chromium 
Chromium (+6) 
Copper 

Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

Volatile Organic Compounds 

in Mg/L (ppb) 
Vinyl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Tetrachloroethene 
Toluene 
Ethylbenzene 
Toul Xylene 

Miscellaneous Parameters 

in Mg/L (ppb) 
Formaldehyde 

10 
640 
380 

71 
NA 
1.0 
1.0 

NA 
1.0 

7,500 
3 

280 
1.0 
18 

NA 
1.0 
NA 

14 

• 

25 

U 

U 
U 

u 

u 

u 

u 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

NA 
NA 
170 
87 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

10 UJ 
5 U 

NA 
NA 

1 U 
1 UJ 

10 J 
NA 

2 
NA 

2 U 
300 

1 U 
2 UJ 
5 U 
1 UJ 
5 UJ 
7 

10 
5.0 
NA 
NA 
NA 
1.0 
16 

NA 
1.0 

3,400 
3 

150 
1.0 
2.0 
NA 
1.0 

NA 
7.0 

U 
U 

U 

U 
BJ 
U 
B 
U 
U 

u 

UB 

10 UJ 
37 

NA 
NA 

1 u 
6 J 
5 J 

NA 
6 

NA 
2.2 

1,300 
1 U 
2 UJ 
5 U 
1 U 
5 UJ 

19 

5 

3 

2 

U 

u 
u 
u 
u 
u 
u 
u 
u 
u 

u 
u 

R 

1 U 
1 U 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

14 

1 U 
1 U 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Sample Location: 
Date Sampled: 

Miscellaneous Parameters 
in mg/L (ppm) 
Total Dissolved Solids 
Total Suspended Solids 
Fluoride 
Hardness as CaC03 
Caelum 
Chloride 
Hydrogen Sulfide as S 
Magnesium 
Soditmi 
Sulfate as S04 
Total Alkalinity as CaC03 

Semivolatile Organic (Compounds 
in Mg/L (ppb) 
Phenol 

, 4-Methylphenol 
• Benzoic acid 

Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapdiene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a ,h)anthracene 
Benzo(g,h,i)perylene 

HC-6S • 

Dec 1990 

.320 
310 
3.5 
130 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

J 
B 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
UB 
U 

u 
u 
u 
u 
u 
u 

HC-101 
Dec 1990 
Rep HC-6S 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

HC-101 
Jan 1990 

8,100 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

51 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
6 
2 
4 
4 
4 
4 
4 
4 

U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
J 

u 
u 
u 
u 
u 
u 
u 

HC-101 
Dec 1990 

8,100 
700 
1.2 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

2 

J 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 
U 
U 
U 
U 
U 
U 

Hart Crowser 
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HC-IOS 
Jan 1990 

1,200 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

51 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

16 
2 
4 
4 
4 
4 
4 
4 

^ 

u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 

u 
u 
u 
u 
u 
u 
u 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 
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Sample Location: 
Date Sampled: 

HC-6S 
Dec 1990 

HC-101 
Dec 1990 

HC-101 
Jan 1990 

HC-101 
Dec 1990 

HC-IOS 
Jan 1990 

Field Parameters 
pH 6.6 
Temperature in "C 9.0 
Specific Conductivity in MMhos 560 
Dissolved Oxygen in ppm 2.9 

Rep HC-6S 

NA 
NA 
NA 
NA 

6.9 
. 12 

11,000 
3.5 

6.7 
12.5 

1,850 
3.5 

6.8 
10 

2,000 
3.5 

Organqdiosphorous Pesticides 
in Mg/L (ppb) 

Chlorinated Pesticides 
in Mg/L (ppb) 

PCBs in Mg/L (ppb) 

Chlorinated Herbicides 
in Mg/L (ppb) 
2,4-DB 
Dinoseb 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

ND 

ND 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

ND 

ND 

NA 
NA 

OFA-OW.Wri 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Hart Crowser 
J-2350-07 

Sheet 13 of 33 

Sample Location: 
Date Sampled: 

HC-IOS HC-IOSA HC-l lS HC-l lS (a) HC- l lS 
Dec 1990 Dec 1990 Jan 1990 Oct 1990 Dec 1990 

Replicate 
Dissolved Metals 

in Mg/L (ppb) 
Antimony 
Arsenic 
Arsenic (+3) 
Arsenic (+5) 
Beryllium 
Cadmium 
Chromium 
Chromium (+6) 
Copper 
Iron 
T^fld 

Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

Volatile (Drganic Compounds 
in Mg/L (ppb) 
Vinyl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Tetrachloroethene 
Toluene 
Ethylbenzene 
Total Xylene 

MisceUaneous Parameters 
in Mg/L (ppb) 
Formaldehyde 

10 
58 

NA 
NA 
NA 
5.0 
5.0 
10 

1.0 
81,000 

3 
1,300 

1.0 
7.0 
NA 
1.0 
NA 
22 

57 

U 

R 
U 
BJ 
U 
B 
U 

UJ 

UB 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

10 
54 

NA 
NA 
NA 
7.0 
6.0 
10 

1.0 
63,000 

3 
1,300 

1.0 
8.0 
NA 
1.0 

NA 
30 

62 

U 

UR 
U 
BJ 
U 
B 
U 

UJ 

B 

U 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

10 
27 

NA 
NA 

10 
10 
39 

NA 
22 

NA 
4.8 
960 

1 
20 

5 
10 
5 

52 

24 

3 

4 

R 

UJ 

U 

u 

u 
u 
u 
u 
UJ 

u 
u 
J 

u 
u 
u 
u 
u 
u 
u 

u 
u 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

10 
2 
2 
2 
6 
2 
2 
2 
5 
2 
2 

NA 

u 
U 
U 
U 

u 
u 
u 
u 
u 
u 

u 
u 

10 u 
13 

NA 
NA 
NA 
1.0 U 
16 

460 R 
5.0 

1,300 
3 U 

770 
1.0 U 
4.0 
NA 
1.0 U 

NA 
4.0 

1 U 
1 U 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
2 
1 U 
3 
1 U 
1 U 

47 
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Table C-lO - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Hart Crowser 
J-2350-07 

Sheet 14 of 33 

Sample Location: 
Date Sampled: 

HC-IOS HC-IOSA HC-llS HC-llS (a) HC-llS 
Dec 1990 Dec 1990 Jan 1990 Oct 1990 Dec 1990 

Replicate 
Miscellaneous Parameters 

in mg/L (ppm) 
Total Dissolved Solids 
Total Suspended Solids 
Fluoride 
Hardness as CaC03 
Calcium 
Chloride 
Hydrogen Sulfide as S 
Magnesium 
Sodium 
Sulfate as S04 
Total Alkalinity as CaC03 

Semivolatile Organic Compounds 
in Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthalene 
2-Methyhiapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phfhalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a ,h)anthracene 
Benzo(g,h,i)perylene 

1,200 
510 
2.4 
260 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

2 

U 
U 
U 
U 
U 
U 
U 
U 

u , 
U 

u 
u 
u 
u 
u 
UB 
U 

u 
u 
u 
u 
u 
u 

1,200 
580 
2.5 
240 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

2 

U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
UB 

u 
u 
u 
u 
u 
u 
u 

860 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
38 
92 
35 

6 
12 
11 
2 

10 
13 
5 

17 
18 
4 
5 
4 
2 
6 
6 
4 
4 
4 
4 

U 

U 

UB 
U 
T 
T 

U 
U 

1,500 
220 
NA 
NA 

• NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
20 

NA 
35 
32 

NA 
15 
43 

7.7 
23 
60 
13 
13 

NA 
NA 

17 
7.4 
12 

7.7 
7.6 
8.4 

J 
J 

J 

1,100 J 
51 B 

2.7 
510 

78 
57 J 

NA 
51 

300 
1 J 

960 

1 U 
1 U 

25 U 
13 
3 
3 

16 
1 U 
8 

22 
4 

12 
16 
4 
5 
4 TJ] 
1 U 
3 T 
3 T 
5 
3 
1 U 
3 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Hart Crowser 
J-2350-07 

Sheet 15 of 33 

Sample Location: 
Date Sampled: 

HC-IOS HCrlOSA HC-llS HC-llS (a) HC-llS 
Dec 1990 Dec 1990 Jan 1990 Oct 1990 Dec 1990 

Field Parameters 
pH 7.8 
Temperature in "C 12.0 
Specific Conductivity in MMhos 13,1(X) 
Dissolved Oxygen in ppm 2.9 

Replicate 

NA 
NA 
NA 
NA 

7.9 
10 

2,600 
8.9 

8.3 
16 

2,600 
8.7 

8.1 
11.0 

1,540 
4.8 

Organo{dios]rfiorous Pesticides 
in Mg/L (ppb) 

(Chlorinated Pesticides 
in /ig/L (ppb) 

PCBs in Mg/L (ppb) 

Chlorinated Herbicides 
in Mg/L (ppb) 
2,4-DB 
Dinoseb 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

ND 

ND 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

OfA-OW.WKl 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Sample Location: 
Date Sampled: 

Dissolved Metals 
in Mg/L (ppb) 
Antimony 
Arsenic 
Arsenic (+3) 
Arsenic (+5) 
Beryllium 
Cadmium 
Chromium 
(Thromium (+6) 
Copper 
Iron 
Lead 

Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

HC-121 
Jan 1990 

HC-121 (a) 
Oct 1990 

HC-121 
Dec 1990 

HC-12S 
Jan 1990 

10 
5 

NA 
NA 

10 
10 
10 

NA 
10 

NA 
100 

1,400 
1 

20 
5 

10 
5 

36 

UJ 
U 

U 
U 
U 

U 

U 

U 
U 
U 
U 
UJ 

3 U 
5 U 

NA 
NA 

10 U 
10 u 
10 u 

NA 
10 U 

NA 
3 U 

. NA 
1.0 U 
20 U 
5 U 

10 U 
2 U 

21 

10 U 10 UJ 
5.0 U 5 
NA NA 
NA NA 
NA 10 U 
1.0 10 U 
7.0 10 U 
NA NA 
9.0 B 10 U 

9,000 B NA 
3 U 2 U 

340 B 520 
1.0 U 1 U 
2.0 U 20 U 
NA 5 U 
1.0 U 10 U 
NA 5 UJ 

10 UB 10 U 

Hart Crowser 
J-2350-07 

Sheet 16 of 33 

HC-12R 
Jan 1990 
Rep HC-12S 

13 
5 

NA 
NA 

10 
10 
10 

NA 
10 

NA 
2 

610 
1 

20 
5 

10 
5 

10 

J 
U 

U 
U 
U 

U 

U 

U 
U 
U 

u 
UJ 
U 

• ' i M ^ ' 

Volatile Organic Clompounds 
in Mg/L (ppb) 
Vinyl chloride 
Methylene chloride 
Acetone 

trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Tetrachloroethene 
Toluene 
Ethylbenzene 
Total Xylene 

1 U 1 U 
1 U 1 u 
9 J 5 U 
1 U 1 U 
1 U 1 U 
1 U 1 U 
3 U 3 U 
1 U 1 U 
1 U 1 U 
1 U 1 U 
2 1 U 
1 U 1 U 
1 U 1 U 

1 U 1 U 
1 U 1 U 
5 U 5 U 
1 U 1 U 
1 U 1 U 
1 U 1 U 
3 U 3 U 
1 U 1 U 
1 U 1 U 
1 U 1 U 
1 U 1 U 
1 U 1 U 
1 U 1 U 

1 U 
1 u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 u 
1 u 

Miscellaneous Parameters 
in Mg/L (ppb) 
Formaldehyde NA 27 
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Table C-lO - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Sample Location: 
Date Sampled: 

HC-121 
Jan 1990 

HC-121 (a) 
Oct 1990 

HC-121 
Dec 1990 

HC-12S 
Jan 1990 

Hart Crowser 
J-2350-07 

Sheet 17 of 33 

HC-12R 
Jan 1990 

. 
Miscellaneous Parameters 

in mg/L (ppm) 
Total Dissolved Solids 
Total Suspended Solids 
Fluoride 
Hardness as C:aC03 
Calcium 
Chloride 
Hydrogen Sulfide as S 
Magnesium 
Sodium 
Sulfate as S04 
Total Alkalinity as CaC03 

Semivolatile Organic Compounds 
in Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l ,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h, i)pery lene 

12,000 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 U 
2 ' U 

50 U 
4 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 

30 UB 
2 U 
4 U 
4 U 
4 U 
4 U-
4 U 
4 U 

13,000 
150 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

14 
NA 

17 
14 

NA 
1.6 

0.08 
5.0 
1.6 

0.26 
0.08 

1.1 
NA 
NA 

0.08 
0.08 
0.15 
0.30 
0.23 
0.53 

J 
J 

U 

U 
U 

u 
J 

u 
u 
J 

u 
u 

u 
u 
u 
u 
u 
u 

12,000 
290 
0.6 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

B 

U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
UB 

u 
u 
u 
u 
u 
u 
u 

510 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

13 
2 
4 
4 
4 
4 
4 
4 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 
U 
U 
U 
U 
U 
U 

Rep HC-12S 

500 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 U 
2 U 

50 U 
4 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 

11 UB 
2 U 
4 U 
4 U 
4 U 
4 U 
4 U 
4 U 
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Table C-10 - Sunmiary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Sample Location: 
Date Sampled: 

Field Parameters 
pH 7.0 
Temperature in °C 11 
Specific Conductivity in MMhos 14,800 
Dissolved Oxygen in ppm 5.5 

Hart Crowser 
J-2350-07 

Sheet 18 of 33 

HC-121 HC-121 (a) HC-121 HC-12S • HC-12R 
Jan 1990 <5ct 1990 Dec 1990 Jan 1990 Jan 1990 

NA 
14 

15,500 
5.1 

7.2 
12.5 

17,700 
2.4 

7.1 
9 

800 
1.6 

Rep HC-12S 

NA 
NA 
NA 
NA 

'•nis&>' 

OrgamypbospboToas Pesticides 
in /ig/L (ppb) 

Cajorinated Pesticides 
in /ig/L (ppb) 

PCBs in Mg/L (ppb) 

Chlorinated Herbicides 
in Mg/L (ppb) 
2,4-DB 
Dinoseb 

NA 

ND 

ND 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

ND 

ND . 

NA 
NA 

NA 

ND 

ND 

NA 
NA 

0»A-OW.WKI 
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Table C-10 - Sumn:iary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Hart Crowser 
J-2350-07 

Sheet l9of33 

Sample Location: 
Date Sampled: 

HC-12S 
Dec 1990 

HC-151 
Jan 1990 

HC-151 
Dec 1990 

HC-15S 
Jan 1990 

HC-15S 
Dec 1990 

Dissolved Metals 
in/tg/L (ppb) 
Antimony 
Arsenic 
Arsenic (+3) 
Arsenic (+5) 
Beryllium 
Cadmium 
Chromium 
Chromium (+6) 
Copper 
Iron 
Lead 

Manganese 
Mercury 
Nickel 
Selenium 
SUver 
Thallium 
Zinc 

10 U 
5.0 U 
NA 
NA 
NA 
1.0 U 
1.0 U 
NA 
1.0 U 

6,200 
3 U 

320 
1.0 U 
2.0 U 
NA 
1.0 U 
NA 
31 

10 UJ 
5 U 

NA 
NA 

10 U 
10 U 
10 U 

NA 
10 U 

NA 
10 U 

370 
1 U 

20 U 
5 U 

10 U 
5 UJ 

43 

10 
5.0 
NA 
NA 
NA 
1.0 
7.0 
NA 
1.0 

2,500 
3 

250 
1.0 
2.0 
NA 
1.0 
NA 
33 

U 
U 

U 

U 
B 
U 
B 
U 
U 

u 

B 

10 
5 

NA 
NA 

10 
10 
10 

NA 
10 

NA 
2 

3,100 
1 

20 
5 

10 
5 

34 

UJ 
U 

U 
U 
U 

U 

U 

U 
U 
U 
U 
UJ 

10 u 
5.0 U 
NA 
NA 
NA 
2.0 
2.0 
NA 
1.0 U 

12,000 
3 U 

2,300 
1.0 U 
2.0 U 
NA 
1.0 U 
NA 
2.0 

Volatile Orgamc (Compounds 
in Mg/L (ppb) 
Vinyl chloride 
Methylene chloride 
Acetone 

trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Tetrachloroethene 
Toluene 
Ethylbenzene 
Total Xylene 

Miscellaneous Parameters 
in Mg/L (ppb) 
Formaldehyde 

1 U 
1 U 
5 U 
1 U 
1 U 

U 

u 
u 
u 
u 
u 
u 
u 

I u 
1 u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

69 

1 U 
1 U 
5 U 
1 U 
1 U 
1 U 
3 U 
1, U 
1 U 
1 U 
1 U 
1 U 
1 U 

16 

1 u 
1 u 
5 J 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

1 U 
1 u 
5 U 
1 U 
1 U 
1 u 
3 U 
1 U 
1 u 
1 u 
1 u 
1 u 
1 u 

19 
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Tab e C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Sample Location: 
Date Sampled: 

Miscellaneous Parameters 
in mg/L (ppm) 
Total Dissolved Solids 
Total Suspended Solids 
Fluoride 
Hardness as CaC03 
Calcium 
Chloride 
Hydrogen Sulfide as S 
Magnesium 
Sodium 
Sulfate as S04 
Total Alkalinity as CaC03 

Semivolatile Organic Compounds 
in Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthalene 
2-Methybiapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a ,h)anthracene 
Benzo(g ,h, i)pery lene 

HC-12S 
Dec 1990 

550 
550 
7.8 
190 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

33 

B 

U 
U 
U 
U 
U 
U 

u 
u 
u 

u 

u 
u 
UB 
U 
U 

u 
u 
u 
u 
u 

HC-151 
Jan 1990 

8,600 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3 
3 

67 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
5 
5 
5 
5 
5 

U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
UB 

u 
u 
u 
u 
u 
u 
u 

HC-151 
Dec 1990 

7,800 
350 
0.7 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

B 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
UB 
U 
U 
U 
U 

u 
u 
u 

HC-15S 
Jan 1990 

1,100 
NA 
NA 
NA 

• NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
4 
4 
4 
4 
4 
4 

U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
UB 

u 
u 
u 
u 
u 
u 
u 

Hart Crowser 
J-2350-07 

Sheet 20 of 33 

HC-15S 
Dec 1990 

1,000 
190 
3.7 
750 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

B 

U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
UB 

u 
u 
u 
u 
u 
u 
u 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Hart Crowser 
J-2350-07 

Sheet 21 of 33 

Sample Location: 
Date Sampled: 

HC-12S 
Dec 1990 

HC7I5I 
Jan 1990 

HC-151 
Dec 1990 

HC-15S 
Jan 1990 

HC-15S 
Dec 1990 

Field Parameters 
pH 8.8 
Temperature in "C 11.2 
Specific Conductivity in MMhos 800 
Dissolved Oxygen in ppm 2.0 

6.9 
11 

11,200 
3.9 

7.0 
12.4 

17,100 
1.9 

7.0 
9 

1,600 
2.9 

8.2 
10.2 

1,700 
1.8 

Organophosi^rous Pesticides 
in Mg/L (ppb) 

Chlorinated Pesticides 
in /tg/L (ppb) 

PCBs in Mg/L (ppb) 

Chlorinated Herbicides 
in Mg/L (ppb) 
2,4-DB 
Dinoseb 

NA 

NA 

NA 

NA 
NA 

NA 

ND 

ND 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

ND 

ND 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

OPA-OW.WKI 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Hart Crowser 
J-2350-07 

Sheet 22 of 33 
•^>j>4'.^' 

Sample Location: 
Date Sampled: 

HC-161 
Jan 1990 

HC-161 
Dec 1990 

HC-16S 
Jan 1990 

HC-16S 
Dec 1990 

HC-24S 
Dec 1990 

Dissolved Metals 
in /tg/L (ppb) 
Antimony. 
Arsenic 
Arsenic (+3) 
Arsenic (+5) 
Beryllium 
(Zadmium 
Chromium 
Chromium (+6) 
Copper 
Iron 
Lead 

Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

10 
5 

NA 
NA 

10 
10 
10 

NA 
10 

NA 
2 

1,100 
1 

20 
5 

10 
5 

20 

UJ 
U 

U 
U 

u 

u 

u 

u 
u 
u 
u 
UJ 

10 
5.0 
NA 
NA 
NA 
1.0 
17 

NA 
1.0 

4,000 
3 

250 
1.0 
2.0 
NA 
1.0 
NA 

16 

U 
U 

U 

U 
BJ 
U 
B 
U 
U 

UJ 

UB 

10 
11 

NA 
NA 
10 
10 
10 

NA 
10 

NA 
2 

7,300 
1 

20 
5 

10 
5 

21 

UJ 

U 
U 

u 

u 

u 

u 
u 
u 
u 
UJ 

10 
5.0 
NA 
NA 
NA 
5.0 
5.0 
NA 
1.0 

37,000 
3 

20,000 
1.0 
4.0 
NA 
3.0 
NA 
20 

U 
U 

U 
BJ 
U 
B 
U 

J 

UB 

10 u 
5.0 U 
2.7 
3.1 
NA 
1.0 U 
1.0 
20 R 
1.0 U 

3,200 
3 U 

290 
1.0 U 
2.0 U 
NA 
1.0 U 
NA 
92 

Volatile Organic Compounds 
in Mg/L (ppb) 
Vinyl chloride 
Methylene chloride 
Acetone 

trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 

Tetrachloroethene 
Toluene 
Ethylbenzene 
Total Xylene 

1 u 
1 u 
1 J 
1 u 
1 u 
1 u 
3 U 
1 U 
1 U 
1 U 
1 u 
1 u 
1 u 

1 u 
I u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

1 u 
I u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
I U 
1 U 
1 U 
1 u 

5 

3 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

1 u 

1 u 
1 u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
I U 

Miscellaneous Parameters 
in Mg/L (ppb) 
Formaldehyde R 5.0 U 17 24 
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Sample Location: 
Date Sampled: 

Miscellaneous Parameters 
in mg/L (ppm) 
Total Dissolved Solids 
Total Suspended Solids 
Fluoride 
Hardness as CaC03 
Calcium 
Chloride 
Hydrogen Sulfide as S 
Magnesium 
Sodium 
Sulfate as SCM 
Total Alkalinity as CaC03 

Semivolatile Organic C^ompounds 
in Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthalene 
2-Methyhiapthalene 
Acenapthylene 
Acenapthene 
Dibenzofiiran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phdialate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluorandiene 
Benzo(a)pyrene 
Indeno(l ,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)peryIene 

HC-161 
Jan 1990 

7,900 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

HC-161 
Dec 1990 

7,200 
1,900 

0.9 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

9 

U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
UB 

u 
u 
u 
u 
u 
u 
u 

HC-16S 
Jan 1990 

3,200 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 UR 
2 UR 

50 UR 
4 U 
2 U 
2 U 
2 U 
2 ' U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
2 U 
4 U 
4 U 
4 U 
4 U 
4 U 
4 U 

HC-16S 
Dec 1990 

3,400 
170 
2.7 
600 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

7 

UR 
UR 
UR 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 
U 
U 
U 
U 
U 
U 

HC-24S 
Dec 1990 

250 J 
890 B 
1.4 
45 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 U 
1 U 

25 U 
1 U 
1 U 
I U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
7 UB 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
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Table C-10 - Sununary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results Sheet 24 of 33 

Sample Location: HC-161 HC-161 HC-16S HC-16S HC-24S 
Date Sampled: Jan 1990 Dec 1990 Jan 1990 Dec 1990 Dec 1990 

Field Parameters 
pH 7.0 
Tenyjerature in "C 11 
Specific Conductivity in MMhos 11,000 
Dissolved Oxygen in ppm 2.3 

OfA-OW.WXl 

NA 
7.0 

1,080 
NA 

7.5 
9 

5,300 
10.3 

NA 
9.2 

4,800 
NA 

6.9 
9.0 
380 
2.8 

Organophosphorous Pesticides 

in Mg/L (ppb) 

CaJorinated Pesticides 
in Mg/L (ppb) 

PCBs in Mg/L (ppb) 

CSilorinated Herbicides 
in Mg/L (ppb) 
2,4-DB 
Dinoseb 

NA 

ND 

ND 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

ND 

ND 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 
NA 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results Sheet 25 of 33 

Sample Location: 
Date Sampled: 

Dissolved Metals 
in Mg/L (ppb) 
Antimony 
Arsenic 
Arsenic (+3) 
Arsenic (+5) 
Beryllium 
Cadmium 
Chromium 
Chromium (+6) 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

Volatile Organic Compounds 
in Mg/L (ppb) 
Vinyl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Tetrachloroethene 
Toluene 
Ethylbenzene 
Total Xylene 

Miscellaneous Parameters 
in Mg/L (ppb) 
Formaldehyde 

HC-25S 
Dec 1990 

10 
280 
NA 
NA 
NA 
1.0 
3.0 
10 

8.0 
11,000 

3 
490 
1.0 
8.0 
NA 
1.0 
NA 
110 

5.0 

U . 

J 

R 

B 
U 
B 
U 
UB 

UJ 

J 

U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

u 

EPA-61 
Jan 1990 

10 
5 

NA 
NA 

10 
10 
10 

NA 
10 

NA 
10 

180 
1 

20 
5 

10 
5 

19 

30 

3 

R 

UJ 
U 

U 
U 
U 

U 

U 

U 
U 
U 
UJ 
UJ 

U 
U 
J 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 

EPA-61 
Dec 1990 

10 
5.0 
NA 
NA 
NA 
1.0 
17 

NA 
1.0 

1,900 
3 

110 
1.0 
2.0 
NA 
1.0 
NA 
27 

^ 

5.0 

U 
U 

U 

U 
BJ 
U 
B 
U 
U 

UJ 

UB 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 

EPA-7S 
Jan 1990 

10 
5 

NA 
NA 

10 
10 
10 

NA 
10 

NA 
2 

3,200 
1 

20 
5 

10 
5 

16 

1 
1 
5 
I 
1 
1 
3 
1 
1 
1 
1 
1 
1 

R 

UJ 
U 

U 

u 
u 

u 

u 

u 
u 
u 
UJ 
UJ 

U 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

EPA-7S 
Dec 1990 

10 U 
5.0 U 
NA 
NA 
NA 
6.0 J 
8.0 
NA 
2.0 

46,000 B 
3 U 

3,200 B 
1.0 U 
3.0 UB 
NA 
2.0 J 
NA 
9.0 J 

1 U 
1 U 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

21 
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Sample Location: 
Date Sampled: 

Miscellaneous Parameters 
in mg/L (ppm) 
Total Dissolved Solids 
Total Suspended Solids 
Fluoride 
Hardness as CaC03 
Calcium 
Chloride 
Hydrogen Sulfide as S 
Magnesium 
Sodium 
Sulfate as S04 
Total Alkalinity as CaC03 

Semivolatile Organic C^ompounds 
in Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

HC-25S 
Dec 1990 

330 
230 

1 
83 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

50 
2 
2 

. 2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

10 
2 
2 
2 
2 
2 
2 
2 

J 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
UB 

u 
u 
u 
u 
u 
u 
u 

EPA-61 
Jan 1990 

8,900 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

6 
3 

67 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
5 
5 
5 
5 
5 

UB 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

EPA-61 
Dec 1990 

8,200 
44 

0.5 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

7 

u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
UB 
U 
U 
U 
U 
U 
U 
U 

EPA-7S 
Jan 1990 

420 
NA 
NA 

- NA 
NA 

• NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

UR 
UR 
UR 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 
u 
u 

EPA-7S 
Dec 1990 

370 
63 

3.8 
270 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 UR 
1 UR 

25 UR 
1 U 
1 U 
1 U 

1 u 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
5 UB 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
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Sample Location: 
Date Sampled: 

HC-25S 
Dec 1990 

EPA-61 
Jan 1990 

EPA-61 
Dec 1990 

EPA-7S 
Jan 1990 

EPA-7S 
Dec 1990 

Field Parameters 
pH 
Temperature in "C 
Specific Conductivity in MMhos 
Dissolved Oxygen in ppm 

(^gan(^hos]^orous Pesticides 
in Mg/L (ppb) 

Chlorinated Pesticides 
in Mg/L (ppb) 

PCBs in Mg/L (ppb) 

CThlorinated Herbicides 
in Mg/L (ppb) 
2,4-DB 
Dinoseb 

6.5 
9.8 
550 
1.6 

NA 

NA 

NA 

NA 
NA 

6.6 
10 

12,000 
NA 

NA 

ND 

ND 

NA 
NA 

6.4 
11.5 

12,800 
3.9 

NA 

NA 

NA 

NA 
NA 

7.3 
9 

700 

NA 

NA 

ND 

ND 

NA 
NA 

7.1 
10.8 
800 
3.0 

NA 

NA 

NA 

NA 
NA 

OfA-OW.WKl 
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Sample Location: 
Date Sampled: 

EPA-81 
Jan 1990 

EPA-81 (a) 
Oct 1990 

EPA-81 
Dec 1990 

EPA-9S 
Jan 1990 

EPA-9R 
Jan 1990 

Dissolved Metals 
in Mg/L (ppb) 
Antimony 
Arsenic 
Arsenic (+3) 
Arsenic (+5) 
Beryllium 
Cadmium 
C^hromium 
Chromium (+6) 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thalli\im 
Zinc 

Volatile Organic Compounds 
in Mg/L (ppb) 
Vinyl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-Butanone (MEK) 
Trichloroethene 
Benzene 
Tetrachloroethene 
Toluene 
Ethylbenzene 
Total Xylene 

Miscellaneous Parameters 
in Mg/L (ppb) 
Formaldehyde 

10 
5 

NA 
NA 

10 
10 
12 

NA 
10 

NA 
2 

310 
1 

20 
5 

10 
5 

28 

5 

3 

» 

R 

UJ 
U 

U 
U 

u 

u 

u 
u 
u 
u 
UJ 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

3 
5 

NA 
NA 

10 
10 
10 

NA 
10 

NA 
3 

NA 
1.0 
20 

5 
10 
2 

10 

5 

3 

NA 

U 
U 

u 
u 
u 

u 

u 

u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

10 
5.0 
NA 
NA 
NA 
1.0 
4.0 
NA 
1.0 

1,300 
3 

240 
1.0 
2.0 
NA 
1.0 
NA 
6.0 

6.1 

U 
U 

U 

U 
B 
U 
B 
U 

u 

u 

UB 

U 
U 
U 
U 
U 
U 
U 

u 
u 
u 
u 
u 
u 

13 
67 

NA 
NA 

10 
10 
87 

NA 
130 
NA 
21 
58 

2 
20 

5 
10 
5 

55 

1 
1 
7 
1 
1 
1 
3 
1 
9 
1 
1 
1 
1 

R 

J 

U 
U 

U 
U 
U 
U 
UJ 

u 
u 
J 

u 
u 
u 
u 
u 

u 

u 
u 

Rep EPA-9S 

13 J 
45 

NA 
NA 

10 U 
10 U 

100 
NA 
64 

NA 
4.9 
62 

1 U 
20 U 
5 U 

10 U 
5 UJ 

37 

1 U 
1 U 

13 J 
1 U 
1 U 
1 U 
3 U 
1 U 
8 
1 U 

1 u 
1 u 
1 u 

-

R 
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Sample Location: 
Date Sampled: 

EPA-81 
Jan 1990 

EPA-81 (a) 
Oct 1990 

EPA-81 
Dec 1990 

EPA-9S 
Jan 1990 

EPA-9R 
Jan 1990 

Miscellaneous Parameters 
in mg/L (ppm) 
Total Dissolved Solids 
Total Suspended Solids 
Fluoride 
Hardness as CaC03 
Calcium 
Chloride 
Hydrogen Sulfide as S 
Magnesium 
Sodium 
Sulfate as S04 
Total Alkalinity as CaC03 

Semivolatile Organic Compounds 
in Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthalene 
2-Methyhiapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a ,h)anthracene 
Benzo(g ,h, i)pery lene 

11,000 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

50 
4 
2 
2 
3 
2 
2 
8 
3 
6 
7 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

U 
U 
U 
U 
U 
U 

U 
U 

U 
U 
J 
U 
U 
U 
U 

u 
u 
u 

11,000 J 
88 J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
2.4 U 
NA 
2.7 J 
2.4 U 
NA 

0.31 
1.6 
1.2 
2.0 
4.3 

0.72 
0.92 
NA 
NA 

0.81 
0.19 
0.59 
0.39 

2.6 
0.45 

10,000 
11 

0.7 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

25 

J 
B 

U 
U 
U 

u 
u 
u 

u 
u 
u 
u 

u 
u 
UB 

u 
u 
u 
u 
u 
u 
u 

3,700 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8 
15 

200 
250 

19 
89 

250 
8 

61 
200 

29 
63 
84 
12 
13 
12 
8 

16 
16 
16 
16 
16 
16 

U 

U 

J 
U 

u 
u 
u 
u 
u 
u 

Rep EPA-9S 

3,500 
NA 
NA 
NA 
NA 
NA 
NA • 
NA 
NA 
NA 
NA 

8 U 
14 

200 U 
240 

17 
82 

250 
8 U 

61 
200 

29 
66 
84 
12 
13 
8 J 
8 U 

16 U 
16 U 
16 U 
16 U 
16 U 
16 U 
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Sample Location: 
Date Sampled: 

EPA-81 EPA-81 (a) EPA-81 EPA-9S EPA-9R 
Jan 1990 Oct 1990 Dec 1990 Jan 1990 Jan 1990 

Field Parameters 
pH 6.7 
Tenq)erature in "C 12 
Specific Conductivity in MMhos 13,900 
Dissolved Oxygen in ppm NA 

NA 
14 

13,700 
5.5 

7.0 
12.3 

16,100 
2.2 

9.9 
10 

3,900 
NA 

Rep EPA-9S 

NA 
NA 
NA 
NA 

Organophosfdiorous Pesticides 
in Mg/L (ppb) 

CThlorinated Pesticides 
in Mg/L (ppb) 

PCBs in Mg/L (ppb) 

Cadorinated Herbicides 
in Mg/L (ppb) 
2,4-DB 
Dinoseb 

NA 

ND 

ND 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

• NA 
NA 

NA 

ND 

ND 

NA 
NA 

NA 

ND 

ND 

NA 
NA 

OPA-OW.WIU 
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Hart Crowser 
J-2350-07 

Sheet 3 Io f 33 

Sample Location: 
Date Sampled: 

EPA-9S (a) 
Oct 1990 

EPA-9S 
Dec 1990 

EPA-101 
Jan 1990 

EPA-101 
Dec 1990 

Dissolved Metals 
in Mg/L (ppb) 
Antimony 
Arsenic 
Arsenic (+3) 
Arsenic (+5) 
Beryllium 
Cadmium 
Chromium 
Chromium (+6) 
Copper 
Iron 
Lead 

Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

9 
77 

NA 
NA 

1 U 
1 U 

170 B 
NA 
160 
NA 

69 
NA 
1.0 U 
30 

5 U 

1 U 
2 U 

48 B 

11 
53 
31 
22 

NA 
1.0 U 
88 

690 R 
31 B 

500 B 
43 
26 B 
1.0 U 
8.0 
NA 
1.0 U 
NA 
23 B 

10 UJ 
5 U 

NA 
NA 

10 U 
10 U 
14 

NA 
10 U 

NA 
2 U 

240 
2 U 

20 U 
5 U 

10 U 
5 UJ 

16 

10 U 
5.0 U 
NA 
NA 
NA 
1.0 U 
21 

NA 
1.0 U 

4,100 BJ 
3 U 

110 B 
1.0 U 
2.0 U 
NA 
1.0 UJ 
NA 

13 UB 

Volatile Organic Compounds 
in Mg/L (ppb) 
Vinyl chloride 
Methylene chloride 
Acetone 
trans-1,2-Dichloroethene 
cis-1,2-Dichloroethene 
Total 1,2-Dichloroethene 
2-ButanQne (MEK) 
Trichloroethene 
Benzene 

Tetrachloroethene 
Toluene 
Ethylbenzene 
Total Xylene 

1 
1 
5 

1 
1 
1 
3 
1 
7 
1 
1 
1 
1 

U 
U 
U 
U 

u 
u 
u 
u 

u 
u 
u 
u 

1 u 
I u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

1 U 
1 
8 

U 
J 
U 

u 
u 
u 
u 
u 
u 
u 
u 
u 

1 u 
1 u 
5 U 
1 U 
1 U 
1 U 
3 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 

Miscellaneous Parameters 
in Mg/L (ppb) 
Formaldehyde NA 190 5.0 U 

Page C - i 0 3 



Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 
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Sheet 32 of 33 

'̂ m '̂ 

Sample Location: 
Date Sampled: 

Miscellaneous Parameters 
in mg/L (ppm) 
Total Dissolved Solids 
Total Suspended Solids 
Fluoride 
Hardness as CaC03 
Calcium 
Chloride 
Hydrogen Sulfide as S 
Magnesium 
Sodium 
Sulfate as S04 
Total Alkalinity as CaC03 

SemivolatUe Organic C^ompounds 
in Mg/L (ppb) 
Phenol 
4-Methylphenol 
Benzoic acid 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenzo(a ,h)anthracene 
Benzo(g,h,i)perylene 

EPA-9S (a) 
Oct 1990 

3,700 J 
50 J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
72 

NA 
93 

420 
NA 
64 

170 
14 
29 
87 

8.1 
6.1 
NA 
NA 
6.2 
1.5 
4.5 
2.3 

0.60 U 
2.6 

EPA-9S 
Dec 1990 

3,500 
13 

3.2 
54 

9.7 
540 

11 
1.2 

1,200 
17 

1,800 

20 
20 

500 
210 
20 
79 

240 
20 
52 

180 
20 
40 
52 
20 
20 

110 
20 
20 
20 
20 
20 
20 
20 

J 
B 

J 

J 

U 
U 

u 

u 

u 

u 

u 
u 
B 
U 
U 

u 
u 
u 
u 
u 

EPA-101 
Jan 1990 

7,800 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
2 

50 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

EPA-101 
Dec 1990 

6,800 J 
180 

1 
1000 

• NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 U 
1 U 

25 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
7 UB 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
1 U 
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Table C-10 - Summary of Ohio Ferro-Alloy/Pennwalt Area Groundwater Results 

Sample Location: 
Date Sampled: 

EPA-9S (a) 
Oct 1990 

EPA-9S 
Dec 1990 

EPA-101 
Jan 1990 

EPA-101 
Dec 1990 

Hart Crowser 
J-2350-07 

Sheet 33 of 33 

Field Parameters 
pH NA 
Temperature in °C 16 
Specific Conductivity in MMhos 5,100 
Dissolved Oxygen in ppm 4.3 

9.2 
10.4 

5,300 
1.5 

6.9 
12 

10,100 
NA 

7.1 
11.2 

9,600 
4.6 

Organoi^ospborous Pesticides 
in Mg/L (ppb) 

Chlorinated Pesticides 
in Mg/L (ppb) 

PCBs in Mg/L (ppb) 

Chlorinated Herbicides 
in Mg/L (ppb) 
2,4-DB 
Dinoseb 

NA 

NA 

NA 

NA 
NA 

ND 

ND 

ND 

9 
4 

NA 

ND 

• ND 

NA 
NA 

NA 

NA 

NA 

NA 
NA 

OFA-OW.WKI 
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Table C-11 - Analytical Results for Phase 1 Soil Duplicate Samples Sheet 1 of 2 

Sample Number: HC-l/S-2 HC-1/S-5 RPD HC-lOS/S-1 HC-IOS/S-7 RPD SS-2 SS-17 RPD 

Total Metals 
in mg/kg (ppm) 
Copper 
Nickel 
Cadmium 
Lead 

Chromium 
Zinc 
Arsenic 
Mercury 

VolaUle Organics (EPA 8240) 

in /'8/kg (ppb) 
2-Butanone 
Metliylene Chloride 

ScmlvoiaUle Organics (EPA 8270) 
"> /*K/kg (ppb) 
None Detected 

Chlorinated Phenols 

PCBs 

Herbicides/Pesticidea 

OC-FID Screen 
In Mg/kg (ppb) 

12 
4 

0.6 
12 
14 
16 

3.2 
0.1 U 

li 
2 U 

ND 

ND 

ND 

NA 

NA 

9 
4 

0.6 
10 U 
12 
16 

3.2 
0.1 U 

21 
2 

ND 

ND 

ND 

NA 

NA 

28.6 
NV 
NV 
NV 
15.4 

0 
0 

NV 

NV 
NV 

NV 

NV 

51 
24 
1.5 
17 
32 
45 
28 
1.6 

NA 
NA 

NA 

NA 

NA 

NA 

79,000 

62 
30 
1.2 
18 
31 
48 
33 

0.6 

NA 
NA 

NA 

NA 

NA 

NA 

110,000 

-19.5 
-22.2 
22.2 
-5.7 

3.2 
-6.5 

-16.4 
90.9 

(33) 

310 
270 
1.3 
130 
110 
310 
130 
0.1 U 

NA 
NA 

J 

NA 

NA 

NA 

NA 

360,000 B 

270 
31 
1.4 
10 U 
95 

290 
110 
0.1 U 

NA 
NA 

NA 

NA 

NA 

NA 

270,000 B 

13.8 
158.8 
-7.4 
NV 
14.6 
6.7 

16.7 
NV 

29 

ro 

I 
I-" o 
Qs 

SOILPUP WKI/CLa 

Notes: 
NA Not analyzed. 
ND Not detected. 
NV Indicates RPD cannot be evaluated because at least one concentration 

value is below 5 times the detection limit. ( ^ 
9 o 
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"-I 
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Table C-11 - Analytical Results for Phase I Soil Duplicate Samples Sheet 2 of 2 

Sample Number: SS-1 SS-18 RPD 

Total Metals 
in mg/kg (ppm) 

Copper 
Nickel 
Cadmium 
Lead 
Chromium 
Zinc 
Arseiuc 
Mercury 

VolaUle Organics (EPA 8240) 
in /'B/kg (ppb) 
2-Butanone 
Methylene Chloride 

Semivolatile Organic* (EPA 8270) 
in Mg/kg (ppb) 
None Detected 

PCBs 

Hcrbicidea/Pntlcides 

GC-FID Screen 
in Mg/kg (ppb) 

78 
290 
1.7 
68 
28 

440 
46 

0.4 

NA 
NA 

NA 

NA 

ND 

ND 

120,000 B 

72 
190 
1.5 
10 U 
27 

360 
45 

0.4 

NA 
NA 

NA 

NA 

ND 

ND 

86,000 B 

8 
41.7 
12.5 
NV 
3.6 
20 

2.2 
NV 

NV 

NV 

33 

(9 

O 
I 

» - • » 

o 
»oiuDur.wxi/cui 

X 

o 
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Table C-12 - Analytical Results for Phase 1 Groundwater Replicate Samples 

Sample Number: HC-I2S HC-12R RPD HC-31 HC-3R RPD EPA-9S EPA-9R RPD 

TO 

I 
t—' 
O 
00 

Dissolved Metals hi Mg/L (ppb) 
Copper 
Lead 
Chromium 
Zinc 
Manganese 
Ailtimony 
Arsenic 

VolatUe Organics (EPA 8240) 
in Mg/L (ppb) 
Acetone 
Benzene 
Toluene 

SemivolatUe Organics (EPA 8270) 
in Mg/L (ppb) 
4-Metl»ylphcnol 
Napthalene 
2-Methylnapthalene 
Acenapthylene 
Acenapthene 
Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 

CUorUuted Phenols in Mg/L (ppb) 

PCBs ia Mg/L (ppb) 

Total Dissolved Solids in ppm 

ND 
ND 
ND 
ND 
520 

10 U 
ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

ND 

510 

ND 
ND 
ND 
ND 
610 

13 J 
ND 

ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

NA 

ND 

500 

NV 
NV 
NV 
NV 

-15.9 
NV 
NV 

NV 

NV 

t 

2.0 

ND 
ND 
ND 
35 

770 
ND 
ND 

5 U 
ND 

1 U 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 

ND 

12000 

ND 
ND 
ND 

60 
810 
ND 
ND 

8 J 
ND 

4 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 

ND 

11000 

NV 
NV 
NV 

-52.6 
-5.1 
NV 
NV 

NV 

NV 

8.7 

130 
21 
87 
55 
58 
13 J 
67 

7 J 
9 
1 

IS 
250 

19 
89 

250 
8 

61 
200 
29 
63 
84 
12 
13 

NA 

ND 

3700 

64 
4.9 
100 
37 
62 
13 J 
45 

13 J 
8 
1 U 

14 
240 

17 
82 

250 
8 U 

61 
200 
29 
66 
84 
12 
13 

NA 

ND 

3500 

68.0 
NV 

-13.9 
39.1 
-6.7 
0.0 

39.3 

NV 
11.8 
NV 

6.9 
4.1 

11.1 
8.2 
0.0 
NV 
0.0 
0.0 
0.0 

-4.7 
0.0 
0.0 
0.0 

5.6 

awilEi> WKI/CU 

NoUi: 
NA Not analyzed. 
NO Not dcuctul. 
NV lodicalci RPD cannoi be evaluated bccauac al leait one concealralioo 

value il below i llniei Ifac dcteclioa liuiil. 
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APPENDIX D 
DETERMINATION OF LOCAL SOIL AND 
GROUNDWATER REFERENCE CONCENTRATIONS 

Determination of Local Soil RefererKe Concentrations 

The purpose of establishing local soil reference concentrations for 
metals was to provide a comparison of sample metal concentrations to 
concentrations of metals in "natural" or non-contaminated soils. The 
concentrations of trace metals in natural soils depend on the 
composition of the soil's source material, climatic conditions, exposure 
to biological activity, and many other factors. The natural variability of 
metal concentrations in soils makes it difficult to determine if industrial 
or agricultural activities have altered the composition of soils. The 
establishment of local soil reference concentrations provides a more 
representative means for comparing natural soil quality found on the 
site to soils potentially impacted by industrial activity. 

The establishment of "natural" soil reference concentrations on the Blair 
Backup property is complicated by the fact that much of the soils 
sampled on the property were fill materials dredged from the 
surrounding waterways. Because of the historical industrial activities 
conducted along the waterways, the quality of these fill materials may 
differ from similar soils not exposed to past industrial activity. In 
addition, soil quality in reference areas not known to have been exposed 
to on-site activities may have been impacted by off-site activities. 

Given these limitations, we selected reference sampling locations on the 
Blair Backup property based on the following criteria: 

*• Not known to be impacted by on-site or off-site activities; 

• Does not contain fill materials with construction debris, slag, or 
other man-made materials; and 

• Soil type is similar to areas of interest. 

Based on this criteria, we selected the northwestem portion of the site 
excluding samples collected in the Recent Fill Area and the Alexander 
Avenue Strip Area. Sampling locations are shown on Figure D-1 and 
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Table D-4 presents analytical results for metals analysis of these 
samples. 

Eight soil samples were used to establish local soil reference 
concentrations. A variety of statistical methods exist to detennine 
reference concentrations. EPA Region 10 developed a procedure for 
establishing reference concentrations using the average concentration 
plus two standard deviations. For inorganic constituents, a log normal 
distribution is assumed. It is difficult to apply this method to 
concentrations at or below the detection limit. The simplest statistical 
approach to establishing reference concentrations is to use the average 
concentration of the reference samples. However, this method was not 
considered because using the average concentration as the reference 
concentration would mean that approximately 25 to 75 percent of the 
reference soil samples would exceed the reference concentration. The 
maximum metal concentration in the reference samples could also be 
used as the reference concentration. This method is the least 
conservative of the three statistical methods. 

We chose to modify EPA's procedure and determine reference 
concentrations using Land's equation for determining the upper 95 
percent confidence limit for a log normal distribution (Gilbert, 1987). 
For non-detected values, one-half the detection limit was used in the 
calculations except for metals in which 50 percent or more of the values 
were not detected (lead, mercury, and cadmium). For lead, cadmium, 
and mercury, the detection limits were used for non-detected values to 
detennine the mean of the sample population. 

Local soil reference values for the Blair Backup property were 
compared to soil background values determined in other studies (Table 
D-1). Two of the studies were conducted in the Puget Sound Area 
(Pevear, 1981 and Harper-Owes, 1985) and the third included data 
collected in the westem United States (Shacklette and Boemgen, 1984). 
Blair Backup property local reference concentrations were typically 
lower than the background levels reported in the other three studies. 

Determination of Local Groundwater Reference Concentrations 

Ten wells were sampled to provide local reference concentrations for 
formaldehyde and dissolved metals in shallow and intermediate aquifer 
units located in the Port of Tacoma industrial area. The ten weDs were 
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selected based upon accessibility, location relative to properties of 
interest, lack of exposure to local industrial activity, and depth of 
screened interval. Wells in the area between the Puyallup River and 
the upland bounding Marine View Drive were targeted because they lie 
within the same regional hydrogeologic system as the properties of 
interest For the purposes of this work, the shallow aquifer system is 
defined as saturated units occurring at depths of less than 10 to 15 feet 
below groimd surface. Saturated units occurring at depths of 
approximately 25 to 75 feet below ground surface comprise the 
Intermediate Aquifer system. 

Groundwater Sampling Locations 

The wells sampled as part of this study are listed below and summarized 
in Table D-2. Also listed below are the purposes for which these wells 
were originally installed. The locations of these wells are shown on 
Figure D-2. 

• WeUs MW-1, MW-1 A, and MW-2 were installed in the Intermediate 
Aquifer system by the Port of Tacoma to monitor groundwater 
quality upgradient of the proposed Milwaukee Waterway fill project; 

• WeUs MP-1 and MP-2 were instaUed in the Intermediate Aquifer 
system for the specific purpose of this task, in an undeveloped 
parcel of land south of East-West Road property; 

• WeU HC-4 was instaUed on a SheU Service Station site in Fife to 
verify that intermediate groundwater quality at this location had not 
been impacted by hydrocarbon releases; 

• Taylor Way weUs TW-1, TW-2, and TW-3 were instaUed in the 
Intermediate Aquifer system as part of a property transfer 
investigation of an undeveloped site located near the intersection of 
Taylor Way and East-West Road; and 

• Occidental Chemical Corporation weU B-lOA was instaUed in the 
ShaUow Aquifer system south of the Petarcek sludge disposal area -
the groundwater quaUty in the weU has not been shown to be 
impacted by contaminants associated with the sludge materials. 
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Chemical Analvses of Groundwater Samples 

The weUs were sampled and analyzed for selected dissolved metals (As, 
Cd, Cr, Cu, Pb, Mn, Ni, and Zn), formaldehyde, total dissolved soUds, 
and total suspended soUds. Groundwater pH, temperature, 
conductivity, and dissolved (jxygen were measured in the field at the 
time of sampling. These specific sample results are presented in Table 
D-5. A statistical summaiy of these data are presented in Table D-3. 
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Table D-1 - Summary of Port of Tacoma Local SoU Reference 
and Background Concentrations 

Total Metals 
in mg/kg (iq) 
Arsenic 
Cadmiiun 
Chromium 
Copper 
Lead 
Mercuiy 
Nickel 
Zinc 

Blair Backup 
Geometric Mean 
Soil Reference 
Concentration 

m) 
2.0 
0.6 

14.2 
14.2 

10 
0.1 U 
4.8 

22.0 

Blair Backup 
Upper 95th 
Reference 
Limit (p) 

4.1 
1.1 

17.6 
22.4 

10 
0.1 U 

16.2 
27.3 

Puget Sound 
Mean Soil 

Background (q) 

100 U 
7 U 

80 
20 
15 

— 

80 
80 

Westem U.S. ^ 
Mean Soil 

Background (r) 

5.5 
— 

41 
21 
17 

0.05 
15 
55 

Pilchuck Farm 
Median Soil 

Background (s) 

13.4 
0.3 
47 

13.2 
25.4 
0.14 
42.4 

56 

Note: Data qualifiers and cross references are presented in Table 6. 

TBU-«.WK1 
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Table D-2 - Reference WeU Data 

WeU 
Number 

TW-1 

TW-2 

TW-3 

MP-1 

MP-2 

MW-1 

MW-IA 

MW-2 

HC-4 

B-lOA 

Note: 

WeU 
Location 

Taylor Way 

Taylor Way 

Taylor Way 

Fast-West Road 
Reference WeU 

East-West Road 
Reference WeU 

MUwaukee 
Waterway 

MUwaukee 
Waterway 

Milwaukee 
Waterway 

SheU - Fife 

Petarsec Site 

Water Level 
Elevation 
in Feet 

13.05 

13.59 

14.84 

11.61 

11.19 

12.92 

12.24 

11.26 

1.5 (DTW) 

94.28 

DTW Depth to water below top of casing. 

Depth of 
WeU 

in Feet 

13 

8.5 

11 

36 

47.5 

30 

75 

46 

36 

8 

Screened 
Interval 
in Feet 

7 -13 

3-8.5 

5 -11 

25-36 

41.5-47.5 

18-30 

62-75 

32-46 

28.5 - 36 

2 - 8 

TBU>-I.WK1/CIX 
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Table D-3 - Summary of Port of Tacoma Local Groundwater Reference Concentrations 

Detection Minimum Maximum 
Frequency Value Detection 

••iiltii'^ 

Upper 95th 
Location of Confidence Limit 
Maximum of the Mean (a) 

Dissolved Metals 
in ;ig/L (ppb) 
Antimony 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickel 
Zinc 

Field Parameters 

pH 
Specific Conductivity 

in /imhos/cm 
Temperature in "C 
Dissolved Oxygen in mg/L 

Miscellaneous Parameters 
in mg/L (ppm) 
Formaldehyde 
Total Dissolved Solids 

4/10 
2/10 
1/10 
2/10 
3/10 
0/10 
10/10 
0/10 
7/10 

9/9 
9/9 

9/9 
9/9 

7/10 
10/10 

4 U 
5 U 
5 U 

10 U 
2.9 U 

3 U 
77 

7.1 U 
10 U 

6.7 
390 

10.9 
1.9 

14 
7 

24 
25 
38 

— 

7,900 
— 

110 

8 
6,900 

14 
6 

MP-1 
TW-lO/TW-20 
MP-L 
TW-l 

TW-10 

TW-2 

TW-1 

MW-1 A 
MP-1 

MW-1 
MW-1 

7 
5 

10 
12 
19 

1.5 
4,570 

10 
60 

_ _ 

— 

0.005 U 
220 

- 0.06 
4,000 

MP-1 
MP-1 

0.030 

Note: Data qualifiers and cross references are presented in Table 6. 
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Table D-4 - Port of Tacoma Soil Reference Sample Results 

Sample LocaUon: HC-lS/S-2 HC-3S/S-2 HC-13S/S-2 HC-14S/S-1 TP-lOl/S-1 TP-102/S-2 TP-103/S-2 TP-104/S-1 
Date Sampled: Dec 1989 Dec 1989 Dec 1989 Dec 1989 Dec 1989 Dec 1989 Dec 1989 Dec 1989 
Sample Depth in Feet: 5.0 to 6.5 5.0 to 6.5 5.0 to 6.5 2.5 to 4.0 2.0 to 3.0 7.0 to 8.0 8.0 to 9.0 2.0 to 3.0 

Total Metals 

in mg/kg (ppm) 
Arsenic 3.2 
Cadmium 0.6 
Chromium 14 
Copper 12 
Lead 12 
Mercury 0.1 U 
Nickel 4 
Zinc 16 

Notes: 
U Compound was analyzed for but not detected at the given detection limit. 
B Analyte was detected in laboratory method blank. 

TBLFl.WKI/CLK 

3.1 
1 
12 
8 
10 U 
0.1 U 
4 
17 

2.6 
0.6 
17 
16 
10 
0.1 
8 
23 

U 
U 

3.4 
0.9 
16 
18 
10 
0.1 
10 
26 

U 
U 

1.8 
0.5 U 
10 B 
17 
10 U 
0.1 U 
4.3 
18 B 

I 
0.5 U 
13 B 
14 
10 U 
0.1 U 
2.8 
14 B 

3.7 
0.5 U 
22 B 
30 
10 U 
0.1 U 
12 
36 B 

0.5 U 
0.5 U 
14 B 
9 
10 U 
0.1 U 
2 U 
21 B 

X 
p 
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Table D-5 - Port of Tacoma Groundwater Reference Sample Results 
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Sheet 1 of 2 
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Sample Number: 
Well Location: 

Dissolved Metals 
m itgfL (ppb) 
Antimony 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickel 
Zinc 

Field Parameters 
pH 
Specific Conductivity in ^mhos/cm 
Temperature in °C 
Dissolved Oxygen in mg/L 

MW-1 

4 
5 
5 

10 
2.9 

3 
440 
7.1 
10 

7.1 
1,160 

14.1 
6.1 

U 
U 
U 
U 
U 
U 

U 
U 

MW-IA 
Milwaukee 
Waterway 

4 
5 
5 

10 
2.9 

3 
790 
7.1 
10 

8.1 
2,600 

12.5 
2.7 

U 
U 
U 
U 
U 
U 

U 

MW-2 

4 
5 
5 

10 
6.5 

3 
77 

7.1 
10 

7.7 
520 
13.0 
2.8 

U 
U 
U 
U 

U 

U 
U 

MP-1 MP-2 
South of 

East-West Property 

14 
5.0 
24 
10 
10 
3 

2,900 
20 
43 

6.8 
6,900 

12.2 
4.4 

U 

U 
U 
U 

U 

5.6 
5.0 U 
10 U 
10 U 
10 U 
3 U 

2.100 
20 U 
54 

6.7 
5,400 

10.9 
2.8 

Miscellaneous Parameters 
in mg/L (ppm) 
Formaldehyde 
Total Dissolved Solids 

0.0058 
650 

0.005 U 
1,600 

0.005 U 
340 

0.06 
4,000 

0.033 
3,300 

• s-se 



Table D-5 - Port of Tacoma Groundwater Reference Sample Results 
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Sheet 2 of 2 

Sample Number: 
Well Location: 

Dissolved Metals 
in /tg/L (ppb) 
Antimony 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickel 
Zinc 

Field Parameters 
pH 
Specific Conductivity 
Temperature in "C 
Dissolved Oxygen in 

in /imhos/cm 

mg/L 

HC-4 
Fife Shell 

Service Station 

5.0 
5.0 
10 
10 
10 
3 

220 
20 
10 

7.5 
420 
13.1 
1.9 

U 
U 
U 
U 

u 
u 

u 
u 

TW-1 

5.4 
7.0 
10 
25 
38 
3 

6,500 
20 

110 

6.8 
780 
12.3 
2.3 

TW-2 
Taylor Way 

u 

u 

u 

6.7 
7.0 
10 
10 
10 
3 

7,900 
20 
23 

' 7.1 
610 
12.9 
2.5 

u 
U 
U 
U 

U 

TW-3 

5.0 
5.0 
10 
13 
32 

3 
5,900 

20 
71 

6.9 
390 
12.1 
4.8 

U 
U 
U 

U 

U 

B-lOA 
Oxychem 

5.0 U 
5.0 U 
10 U 
10 U 
10 U 
3 U 

610 
20 U 
53 

NA 
NA 
NA 
NA 

MisceUaneous Parameters 
in mg/L (ppm) 
Formaldehyde 
Total Dissolved Solids 

0.0085 
220 

0.044 
460 

0.014 
450 

0.018 
240 

0.005 U 
1,900 

Notes: 

U Indicates compoimd was analyzed for but not detected 

at the given detection limit. 

NA Not analyzed. 
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L o c a t i o n M a p 
Loca l Reference Moni tonng Wells 

MARINE V6W DftrVE Taylor Way Property 

East-West Road 
Property 

HC-« 
(36) 

NOT TO SCALE 

• MW-1 Monitoring Well Location and Numtier 
(Location is Approximale) 

Off) Monitoring Well Depthi in Feet 

HARTCROWSER 
J - 2 3 5 0 - 0 7 8 / 9 1 
Figure D-2 



Reference So i l Sample Loca t ion Plan - B la i r Backup Proper ty 
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APPENDDCE 
ASBESTOS TESTING 
BLAIR BACKUP PROPERTY 

During our site reconnaissance, we discovered and subsequently verified 
the presence of asbestos on the Blair Backup property. A cement 
asbestos drainage pipe was discovered adjacent to the wood structure 
used as an office space on the site and the electrical equipment btiilding 
is constructed of corrugated cement asbestos board. 

The building components are in good condition at this time. The 
drainage pipe is deteriorated and crushed at several locations. Most of 
the pipe does not have adequate cover material to protect it from 
further damage. 

We obtained samples of these materials and analyzed them for asbestos 
content. 

We obtained samples from the building, drainage pipe, and fiber-
containing debris nearby (Figure E-1) for asbestos analysis. These 
analyses confirmed the presence of asbestos in the building materials 
and drainage pipe. The debris contained no measurable asbestos (see 
laboratory reports in this appendix). 

According to current State of Washington Department of Labor and 
Industries interpretations, this material is considered friable if broken, 
drilled, ground, or abraded. Additionally, work which would disturb this 
material is required to be completed by certified asbestos workers, 
including demolition. Washington Administrative Code WAC 296-62-
07723 Housekeeping, paragraph 8, was a requirement that damaged or 
deteriorated asbestos containing material be repaired, enclosed, 
encapstilated, or removed. This section would apply to the CA pipe 
identified earlier. 

During our site reconnaissance, we noted that the abandoned house had 
suspect asbestos-containing materials incorporated into its structure. 
Depending upon the ultimate disposition of this building, and the other 
buildings on the property, a good faith survey as required in the WAC 
296-62-07707 Identification should be completed. If demolition of the 
structure is to occur, the regulated asbestos-containing materials, if any, 

Page E-1 
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must be removed prior to demolition in accordance with the EPA's 
National Emissions Standards for Hazardous Air Pollutants (NESHAP) 
and local enforcement by the Puget Soxmd Air Pollution Control 
Agency (PSAPCA). There are waiting periods and permit fees 
associated with PSAPCA permits for asbestos abatement 

Page E-2 



Asbestos Sampling Location Plan 
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PREZANT ASSOCIATES INC. 711 6th Ave. North, Suite 200, Seattle, WA 98109 

ENVIRONMENTAL HEALTH SCIENCES AND ENGINEERING 

BULK SAMPLE DATA SHEET - ASBESTOS 

(206)281-8858 

Client: Har t C rowser 
Address: 1910 Fairv iew Ave East 

Seat t le , WA 

invoicd number 9 0 - 9 2 . 0 0 
Nuniber of samples: 

REGULAR 

Project: J 2 3 5 0 - 0 4 

Sample Locat ion: 

Sample Descr ipt ion: White wavy filser bundles embedded in gray cement 

Sample # : A S - 1 
Lab #: 9 0 0 1 2 4 3 

NON-ASBESTOS NON-FIBROUS COMPONENTS: 

4 0 % Cement 
TOTAL: _J_0 % 

NON-ASBESTOS RBROUS COMPONENTS TOTAL: ND Q/̂  

% ASBESTOS COMPONENTS 
6 0 % Chrysoti le TOTAL; 6° % 

TOTAL ASBESTOS: 6 0 .% 

Sampled by: 
Analyzed by: 
QCBy: 

Client 
Heather Meeds 
Heather Meeds 

Date: 1/25/90 
Date: 1/26/90 
Date: 1/26/90 

y^^^^^^b^:.:^..^'^^ 
Heather Meeds, Laboratory Director 

If samples were inhomogonous, then subsamples of the componants were analyzed. 
All bulk saunples are analyzed using test method 40 CFR ch. I (1-1-87 edition) Pt 763, SubpL F App. A, pages 293-299. 
'"'lis report relates only to the items tested. 

samples were not collected by Prezant Assoc, personnel, then accuracy of the results is limited by the methodology 
and acuity of the sample collector. 
Analyses are cross-checked with other technicians in-house and other laboratories for quadity assurance and verification. 



PREZANT ASSOCIATES INC. 711 6th Ave. North, Suite 200, Seattle, WA 98109 

ENVIRONMENTAL HEALTH SCIENCES AND ENGINEERING 

BULK SAMPLE DATA SHEET - ASBESTOS 

(206)281-88£ 

Client: Hart Crowser 
Address: 1910 Fairview Ave East 

Seattle, WA 

Invoice number 9 0 - 9 2 . 0 0 
Number of samples: 3 

REGULAR 

Project: J 2 3 5 0 - 0 4 

Sample Location: Sample #: A S - 2 
Lab #: 9 0 0 1 2 4 4 

Sample Descript ion: Straight white and blue fiber bundles in a hard brown binder 

NON-ASBESTOS NON-FIBROUS COMPONENTS: 

4 0 % Binder 
TOTAL; * ° % 

NON-ASBESTOS RBROUS COMPONENTS TOTAL: ND 

% ASBESTOS COMPONENTS 
3 0 % Heated amosite 
3 0 % Croc ido l i t e 

TOTAL: 6° % 

TOTAL ASBESTOS: 60 % 

Sampled t>y: 
Analyzed by: 
QCBy: 

Client 
Heather Meeds 
Heather Meeds 

Date: 1 /25 /90 
Date: 1 /26 /90 
Date: 1 /26 /90 

/^Cr^yjU-^^^^— 
Heather Meeds, Laboratory Director 

If samples were Inhomogonous, then subsamples of the componants were analyzed. 
All bulk samples are analyzed using test method 40 CFR ch. I (1-1-87 edition) Pt 763, SubpL F App. A, pages 293-299. 
This report relates only to the items tested. 
If samples were not collected by Prezant Assoc, personnel, then accuracy of the results is limited by the methodology 
and acuity of the sample collector. 
Analyses are cross-checked with other technicians in-house and other laboratories for quality assurance and verification. 



PREZANT ASSOCIATES INC. 711 6th Ave. North, Suite 200, Seattle, WA 98109 

' - iA i i i ' ' ' 

ENVIRONMENTAL HEALTH SCIENCES AND ENGINEERING 

BULK SAMPLE DATA SHEET - ASBESTOS 
(206)281-8858 

Client: Har t Crowser 
Address: 1910 Fairv iew Ave East 

Seatt le, WA 

Invoice number. 9 0 - 9 2 . 0 0 
Nunnt)er of samples: 3 

REGULAR 

Project: J 2 3 5 0 - 0 4 

Sample Locat ion: 

Sample Descript ion; Clear straight fiber bundles embedded in gray glue 

Sample # : A S - 3 
Lab #: 9 0 0 1 2 4 5 

NON-ASBESTOS NON-FIBROUS COMPONENTS: 

3 5 % Glue 
TOTAL; 3 5 Q/. 

% • NON-ASBESTOS FIBROUS COMPONENTS 
6 5 % Mineral wool 

TOTAL; 6 5 o/. 

% ASBESTOS COfwPONENTS 
No detectable asbestos TOTAL: ND % 

TOTAL ASBESTOS: ND % 

Sampled by: 
Analyzed by: 
QCBy: 

Client 
Heather Meeds 
Heather Meeds 

Date: 
Date: 
Date: 

1 / 2 5 / 9 0 
1 / 2 6 / 9 0 
1 / 2 6 / 9 0 

/kjcZ^y^u.^./.^ 
Heather Meeds, Laboratory Director 

If samples were inhomogonous, then subsamples of the componants were analyzed. 
All bulk samples are analyzed using test method 40 CFR ch. I (1-1-87 edition) R 763, Subpt F App. A, pages 293-299. 
'his report relates only to the items tested. 
, samples were not collected by Prezant Assoc, personnel, then accuracy of the results is limited by the methodology 

and acuity of the sample collector. 
Analyses are cross-checked with other technicians in-house and other laboratories for quality assurance and verification. 
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APPENDIX F 
MISCELLANEOUS SITE ACnVITY REPORTS 

This appendix presents the results of miscellaneous site activities 
conducted by Hart Crowser during our study of the Blair Backup 
property. The appendix is divided into a series of attachments each 
presenting separate findings. 

1 

Attachment F-1 presents the results of the nuisance matenal survey' 
conducted on the Blair Backup property and includes a map (Figure 
F-1-1) depicting the locations of nuisance materials encountered at the 
property. The Work Plan for removal of these nuisance materials has 
been prepared (Hart Crowser, 1991b). 

Attachment F-2 presents the results of geochemical analyses conducted 
on samples of slag material collected on the property. Reports 
prepared by Russell M. Honea and Cone Geochemical Inc. are included 
as part of the attachment. 

Attachment F-3 presents the results of Hart Crowser's investigation of a 
subsurface structure located in the Ohio Ferro-Alloy Area of the Blair 
Backup property as depicted on Figure F-3-1. The attached 
memorandum dated October 12, 1990, presents our findings including a 
sketch (Figure F-3-2) and photographs of this structure. 

Attachment F-4 is a copy of the GeoEngineers, Inc. report dated March 
15, 1990, conceming the removal of underground storage tank located 
adjacent to Taylor Way in the vicinity of the Blair Backup property. 
This report has been included at the request of the Port of Tacoma. 
Hart Crowser cannot be responsible for its completeness or accuracy. 
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ATTACHMENT F-I 
NUISANCE MATERIAL SURVEY 

Hart Crowser defined the locations of nuisance materials on the Blair 
Backup property as shown on Figure F-1-1. Tables F-1-1 and F-1-2 
present the results of chemical analysis of sandblast waste samples from 
the General/Fill Area and North Site Area, respectively. 
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Table F-1-1 Summary of Analytical Results for General/Fill Area Sandblast Waste Sample 

Sample Location: 
Date Sampled: 
Sample Depth in feet: 

SS-9 Fill 
Decl989 
0.0 - 0.25 

MTCA Method A 
Soil Cleanup 

Level - Industrial 
Compliance (g) 

MTCA Method C 
Soil Cleanup 

Level - Industrial 
Direct Contact (g) 

Total Metals 

in mg/kg (ppm) 
Arsenic 
Cadmium 
Cliromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

7.2 
6.7 
66 

1,400 
1,100 

0.1 
24 

280 

U 

200 
10 

500 

1,000 
1 

190 
1,800 

18,000 (h) 
» 

1,000 
70,000 

» 

Miscellaneous Paramters 
in mg/kg (ppm) 
GC-FID Screen 110 B 

Note: Data qualifiers and cross references are presented in Table 6. 

/'sm. 
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Table P-l-2 - Suti i l ict I Summary and MTCA Excudcocci in North Site Area Sandblast Waste Sampica Sheet 1 of 2 

I J 

•A) 

1 
t " ' 

I 
UJ 

ToUl McUli 

in mg/kg (ppm) 

Araenic 

Cadmium 

Chromiiun 

Copper 

U a d 

Mercury 

Nickel 

Zinc 

ScmivoUUle Organic Coopouada 

in mg/kg (ppm) 

Napthalene 

2-Melhylnap<halcne 

Acenapthylene 

AcenaplheiK 
Dibenzofuran 

Fluorene 

Phenanihrcne 

Anthracene 
Fluoranthene 

Pyrene 

Benzo(a)aoihracene 

Chrysene 

Bis(2-elhylhexyl)phlhalale 

Di-n-oclyl phthalate 

Bcnzo(b)nuoranlhene 

Benzo(k)nuoranthene 

Bcnzo(a)pyrene 

Indeno(l ,2,3-cd)pyreno 

Dibenz o(a,b)anthraceiie 

Bcnzo<g,b,i)perylenc 

Carcioagenie PAHa 

in mg/kg (ppm) 

Dcteclioa 

Frequency 

0 / 3 

3 / 3 

3 / 3 

0 / 1 

0 / 1 

1 / 1 

Maximum 

Detection 

760 

20 

2.700 

2.600 

1,200 

0.1 

1,100 

8,200 

4 

0.8 

0.04 

3 
0.6 

3 

9 

3 

50 
40 

2 

7 

0.05 

0.06 

70 

70 

3 

4 

2 

7 

88 

U 

U 

D 

D 

D 

D 

D 

D 

UB 

B 

TD 

TD 

D 

Location of 

Maximum 

SS-4 

SS-5 

SS-6 

SS-5 

SS-4 

SS-4 

SS-5 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

SS-4 

Average 

397. 

10.8 

1653 

I486 

836. 

702. 

4200 

. 

Upper 95lh 

Conndcnce Limit 

of Ihc Mean (a) 

912. 

21.7 

3480 

2864 

1269 

1533 

8986 

MTCA Meihod A 

Soi! Cleanup 

Level - Industrial 

Compliance (g) 

200 

10 

500 

— 
1,000 

1 

— 
— 

— 
— 
— 
— 
— 
— 

• — 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

20 

Number of Samplei 

Exceeding Levels/ 

Number Analyzed 

2 / 3 

1 / 3 

2 / 3 

— 
1 / 3 

0 / 3 

— 
— 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

1 / 1 

MTCA Method C 

SoU Cleanup 

Level - loduatrial 

Direct Contact (g) 

190 

1,800 

18.000 (h) 

» 
— 

1,000 

70,000 

» 

14,000 

» 
» 

210,000 

» 
140.000 

» 
» 

140.000 

103.000 

9.400 

» 

10 

Number of Samples 

Exceeding Levels/ 

Number Analyzed 

2 / 3 

0 / 3 

0 / 3 

0 / 3 

— 
0 / 3 

0 / 3 

0 / 3 

Of 1 
0 / 1 

0 / 1 
O / l 

0 / 1 

0 / 1 

0 / 1 

0 / 1 

0 / 1 
0 / 1 

0 / 1 

— 
— 
— 
— 
— 
— 

0 / 1 

1 / 1 < — 1 

N i 
(>.> 
( / I 

o 
o 
- J 

rn 
p 
•p. 

o • 1 
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Table F-1-2 - Sui ia l ica l Summary and M T C A Exccedeocea In North Site Arca Sandblaat Waste Samples Sheet 2 of 2 

EP Tox Metal! 

in mg/L (ppm) 

Araenic 

Barium 

Cadmium 

Chromium 

Copper • 

Lead 

Mercury 

Nickel 

Zinc 

Dcteclioa 

Frequency 

1 1 1 

2 / 2 

t 1 2 

0 1 1 

1 1 1 

0 / 2 

0 / 2 

2 1 1 

1 1 1 

Maximum 

Detection 

0.4 J 

0.4 

0.02 

O.I UJ 

1.8 J 

0.1 UJ 

0 0 0 5 U 

0.6 

6.4 J 

Location of 

Maximum 

SS-6 

SS-6 

SS-6 

SS-6 

SS-4 

SS-6 

Average 

0.25 

0.3 

0.01 

1.1 

0.4 

4 

Upper 95th 

Conndcnce Limit 

of the Mean (a) 

0.74 

4.22 

1.29 

14.7 

MTCA Method A 

Soil Cleanup 

Level - Industrial 

Compliance (g) 

Dangerous 

Waste Limitei (i) 

5.0 

100.0 

1.0 

5.0 

— 
5.0 

0.2 

— 

Number of Samplea 

Exceeding Levelaf 

Number Analyzed 

0 / 2 

0 / 2 

0 / 2 

0 / 2 

— 
0 / 2 

0 / 2 

— 

MTCA Method C 

SoU Cleanup 

Level--Induatrial 

Direci ConUcI (g) 

— 
— 
— 
— 
— 
— 
— 
— 
— 

Number of Samples 

Exceeding Levels/ 

Number Analyzed 

— 
— 
— 
— 
_— 
— 
— 
— 
— 

Miacellaneoua Paramelera 

in mg/kg (ppo ) 

O C - F I D Screen 2 / 3 510 B SS-4 230. 573. 

NSASJD.WKI 

Note: Data qualifiera and cross rercrciicca arc presented lu Tabic 6. 
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Nuisance Material Removal Locations 
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Nuisance Material Removal 
Work Scope Outline 

E E f 5 
— to UJ O Descr ipt ion 

Cubic Sandblast Grit and Associatec 
Yards Soil and or Debris 

/ j p A in Iints '-'™'"s of 55Gallon or Smaller 
d-m. lu units Containing aiy Vteste Materials 

3 Q 10 Cubic 

• ' U i ' ! W h - ' ., . : . • : "'^'"•''^••'~'''Awmff:i:f;"'' '% . . / ' • • • • " ' ' ' ^ y < » . ' . ' ^ ^ ' " n : 

. . . . ,. ALfXAtviOER AVENUE 

Yards Soil Visibly Stained with Oil 

30 
4 ® Cubic Household V\faste and 

Yards Demolition Debris 

5 I 200 
Feet 

Asbestos Pipe (40% Non-
/Vsbestos, 30% Heated Amosite, 
30% Crocidolite) Buried in Soil 

160 Asbestos Board (Comjgated. 
6 D Square 40% Cement. 60% Chrysotile 

Feet and Associated Debris 

400 
Scale in Feet 
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ATTACHMENT F-2 
SLAG GEOCHEMICAL ANALYHCAL ASSESSMENT 

Hart Crowser collected seven discrete slag or ore samples from the 
OFA/Pemiwalt Area and submitted them for geochemical analyses. A 
mineralogical assessment of the samples using the X-ray powder 
diffraction technique was performed by Russell M. Honea, a consulting 
geologist based in Bloomfield, Colorado. Results of his work are 
presented in the attached letter dated March 1, 1990. Whole-rock 
geochemical analysis for trace and major elements was performed on 
the samples by Cone Geochemical, Inc of Lakewood, Colorado. 
Analytical results from Cone Geochemical are attached. 

Several types of slag and ore were identified. Sample GB-1 was 
representative of one type of slag/ore observed at the site. It was silver 
in color and had a low specific gravity (light weight). Sample GB-2 was 
another commonly observed slag/ore material. It was also silver in 
color, but had a higher specific gravity. Two of the slag samples 
(TP-127/G-1 and TP-127/G-2) were obtained based on our field 
observations of similarity to Asarco slag because of its color, sheen, 
vesicular nature and specific gravity. 

Sample GB-1 appears to be a silicon ore and GB-2 appears to be a 
ferro-silicon slag/ore. The TP-127 slag samples were the only slag or 
ore samples with fairly high lead and arsenic concentrations and were 
similar in composition to copper reverbatory slag produced by Asarco. 
The other three samples (TP-134/G-1, TP-134/G-2, and TP-131/G-1) 
were identified as ferro-chromium ore and slag consisting predominantly 
of chromium and magnesium minerals (spinel and forsterite). 

:<S; ; . ; , 
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.s-iC ;-tc.x ao(>-qTK) 

Office Mail'mt Address 

P a SOX 3 2 3 

a«oo/ipiet.a. ccxc3«A<Da aooao 

i^iarch 1, 1990 

Mr. Mike Eh,1 ebracht 
Hart Crowser, lac. 
1910 Fairview Avenue East 
Seattle, Washington 98102-3699 

Re: X-ray Powder Diffraction 
Data 

Dear Mike: 

Enclosed are resvilta of l - ray powder diffraction analysis of the 
pulp samples forwarded by Cone Geochemical on January 30f 1990. The 
data were obtained using a Norelco Dif frac tome te r and using f i l t e r e d 
copper r a d i a t i o n . In each instance, the more abundant phase i s l i s t e d 
f i r s t . I bel ieve the ident i f ica t ions include a l l of the dominant 
c r y s t a l l i n e phases in the samples, but may well omit phases present 
below the detect ion l imi ts of the method. 

Please l e t me know i f there are questions or problems regarding 
the d a t a . 

Sincerely, 

E n d . 
- ^ 
Huasell M. Eonea, PhD 

/ 



SUl'IMARY OF I-RAY POWDER DIFFRACTION ANALYSES 

METALS REPINING SAIIPLES 

Sample QB-1 

Silicon - Si 
Silicon Carbide - SiC 

Sample GB-2 

Iron Silicide - FeSi 
Iron silicide - FeSi2 

Sample TP-127, G - 1 

F a y a l i t e - Fe2Si04 
Hedenberg i t e - CaFeSi20(5 

Sample TP-127, 0 - 2 

Hedenbergite - CaFeSi205 
Clinoferrosilite - (Fe,Mg)2Si205 

Sample TP-131, G - 1 

Chromium - Cr 
Ferrochrome - PeCr 

Sample TP-134, G - 1 

S p i n e l (Chromian) - Mg(Cr,Al)202^ 
F o r s t e r i t e - Mg2Si04 

Sample TP-13^ , G - 2 

S p i n e l (Chromian) - Mg(Al,Cr)204 
F o r s t e r i t e - MggSiOi^ 
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GEOCHEMICAL INC. 
310 Quail Street. Suite I 
Lakewood, Colorado 80215 
(303) 232-8371 

MlJce Ehlebracht 
Hart Crowser, Inc. 
1910 Fairview Ave. East 
Seattle, WA 98102 

SAMPLE 
NUMBER 

GB-I 
GB-2 
TP-127/G-1 
TP-127/G-2 
TP-134/G-1 

TP-134/G-2 
TP-131/G-1 

PPM 
CU 

64 
1179 
3400 
2900 

35 

90 
50 

ANALYTICAL 

PPM 
MO 

30 
616 
980 
1500 

7 

2 
1 

REPORT 

PPM 
PB 

22 
<1 

3800 
3500 

3 

<1 
<1 

PPM 
ZN 

164 
230 

1.57% 
1.89% 
26 

7 
5 

Job 90-0088 
3-Feb-90 

Page 1 

PO # J-2350-
PROJECT 
J-2350-04 

PPM 
NI 

114 
1143 
41 
250 
28 

87 
2100 

-04 

PPM 
MN 

54 
3446 
630 
650 
420 

710 
3800 

ME:rHOD 
DIGESTION 

A-A. 
4Acid 

A.A. 
4Acid 

A.A. 
4Acid 

A.A. 
4Acid 

A.A. 
4 Ac id 

A. A. 
4 Ac id 
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GEOCHEMICAL INC. 
310 Quai l Street. Suile I 
Lakewood, Colorado 80215 
(303) 232-8371 

Mike Ehlebracht 
Hart Crowser, Inc. 
1910 Fairview Ave. East 
Seattle, WA 98102 

SAMPLE 
NUMBER 

GB-1 
GB-2 
TP-127/G-1 
TP-127/G-2 
TP-134/G-1 

ANALYTICAL REPORT 

TP-
TP-

•134/G-2 
• 1 3 1 / G - l 

PPM 
CD 

<.2 
<.2 

11.1 
7.3 
<.2 

<.2 
<.2 

PPM 
V 

224 
77 
27 
37 
26 

37 
1380 

PPM 
BE 

14 
<.2 
<.2 
0.4 
<.2 

<.2 
<.2 

PPM 
LI 

26 
7 
6 
6 
4 

17 
5 

Job 90-0088 
8-Feb-90 

Page 2 

PO # J-2350-
PROJECT 
J-2350-04 

PPM 
AS 

3 i 
29 

3411 
1081 

15 

5 
5 

-04 

PPM 
SB 

<1 
<1 

800 
360 

4 

<1 
<1 

METHOD 
DIGESTION 

A.A. 
4Acid 

A-A. 
4.\cid 

A.A. 
4Acid 
1 ne? 

A.A. 
4Acid 

A.A. 
P/N 

A.A. 
Fus ' n 
10% 



GEOCHEMICAL INC. 
810 Quail Street. Suite I 
Lakewood, Colorado 80215 
(303) 232-8371 

Mike Ehlebracht 
Hart Crowser, Inc. 
1910 Fairview Ave. East 
Seattle, WA 98102 

SAMPLE 
NUMBER 

GB-1 
GB-2 
TP-127/G-1 
TP-127/G-2 
TP-134/G-1 

TP-134/G-2 
TP-131/G-1 

PPM 
HG 

0.01 
<.01 
<.01 
<.01 
0.01 

<.01 
<.01 

ANALYTICAL 

PPM 
TL 

<.2 
<.2 
9.9 
6.4 
<.2 

<.2 
0.3 

REPORT 

PPM 
W 

<1 
<1 
2 
2 
<1 

<1 
<1 

% 
SI02 

140.9 
"92.4 
37.3 
41.7 
8.48 

18.8 
20.1 

Job 90-
8-Feb-

Page 

PO # J-' 
PROJECT 
J-2350-( 

% 
AL203 

14.3 
1.8 
2.8 
3.2 
9.0 

9.5 
0.16 

3088 
90 
3 

2350 

D4 

-04 

% 
FE203 

9.71 
70.2 
50.1 
43.2 
1.06 

1.49 
20.7 

0$!h 

METHOD 
DIGESTION 
PRECISION 

A.A. 
P/N 
20% 

A.A. 
4Acid 
10% 

Color 
Fus'n 
10% 

A.A. 
LMB 
5?J 

A.A. 
4Acid 

1 nsic 

A. A 
LMB 
8% 



CCNIE-?--
GEOCHEMICAL INC. 
810 Quail Street. Suite I 
Lakewood, Colorado 80215 
(303) 232-8371 

Mike Ehlebracht 
Hart Crowser, Inc. 
1910 Fairview Ave. East 
Seattle, WA 98102 

SAMPLE 
NUMBER 

GB-1 
GB-2 
TP-127/G-1 
TP-127/G-2 
TP-134/G-1 

TP-134/G-2 
TP-131/G-1 

% 
MGO 

0.02 
0.01 
0.58 
1.15 
33.2 

32.7 
0.02 

ANALYTICAL 

% 
CAO 

3.31 
. 0.27 

3.56 
7.22 
0.77 

1.64 
0.02 

REPORT 

% 
NA20 

0.04 
0.02 
0.99 
0.46 
0.03 

0.10 
0.01 

% 
K20 

0.01 
<.005 
0.35 
0.36 
0.01 

0.01 
<.005 

Job 90-0088 
8-Feb-90 

Page 4 

PO # J-2350-04 
PROJECT 
J-2350-04 

PPM 
BAO 

1568 
90 

224 
224 
90 

179 
<50 

METHOD 
nT.crSTTOM 

A.A. 
LMB 

A.A. 
LMB 

A.A. 
LMB 

A. A. 
LMB 

A. A 
LMB 
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GEOCHEMICAL INC. 
310 Quail Street Suite 1 J o b 9 0 - 0 1 8 2 
Lakewood. Colorado 80215 " )P_ i r ^ -K o n 
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Page 1 

ANALYTICAL REPORT 
Mike Ehlebracht FO # J-2350-04 
Hart Crowser, Inc. PROJECT 
1910 Fairview Ave. East J-2350-04 
Seattle, WA 98102 

SAMPLE PPM 
NUMBER CR 

GB-1 6200 
GB-2 4600 
TP-127/G-1 2400 
TP-127/G-2 2400 
TP-134/G-1 6000 

TP-134/G-2 9500 
TP-131/G-1 74% 

.I'f5^!s 

.METHOD A. A. 
DIGZSTIOfJ 4Acid 
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ATrACHME>rr F-3 
OmO FERRO-ALLOY SUBSURFACE STRUCTURE MEMO 

MEMORANDUM 

DATE: October 12, 1990 

TO: Leslie Sacha 
Port of Tacoma 

FROM: Anne Fitzpatrick 
Hart Crowser 

RE: Identification of Subsurface Structure 
Port of Tacoma - Blair Backup Property 
J-2350-07 

This memo briefly describes our field activities on September 6, 1990, related to the 
subsurface structure recently identified on the Ohio Ferro-Alloy portion of the Blair 
Backup property. 

Using a backhoe, we exposed a 6-foot by 28-foot rectangular concrete structure. 
Because of the shallow water table present in the Ohio Ferro-Alloy Area, we were 
unable to excavate to the base of the structure. We assume the structure extends 
approximately 7.5 feet below ground surface based on depth measurements collected 
inside the structure. We have interpreted the subsurface structure to be an old septic 
tank based on the following observations: 

• Top of structure is capped with a concrete slab. Two open manholes are 
positioned at either end of the tank to allow access. 

• 3-inch to 5-inch steel pipes lead into the structure. 

• Broken piping foxmd near structure, apparently at one time part of a line leading 
from the tank to the nearby bxiildings. 

;;<'i;?|,. • Water levels inside the tank, as observed through manholes, were the same as 
outside the tank. As we excavated deeper, water flowed out of pipes and exit 
holes located on the side walls of structure. 

Page-F-3-1 



Port of Tacoma J-2350-07 
October 12, 1990 Page 2 

SoU Excavation Observations 

Soil stirrounding the structure was primarily black dredge fill sand. We did not ,, 
observe any obviom contamination in soil or water adjacent to the tank. We j 
encountered the water table at a depth of 2 to 4 feet below ground surface. We 
recommend that this structure be demolished as part of general site remediation or 
improvement. 

Attachments: 

Figure F-3-1 - Approximate Location of Subsurface Structure 
Figure F-3-2 - Sketch of Structure 
Photographs of Structure 

Page F-3-2 



Approx imate Locat ion o f Subsurface Structure 

^^>. ATOCHEM -̂ ^- ^ 
m (FORMEIRLY PENNWALJ 'CHEUICAL) 
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Note: Base map prepared from aer.al photograph of tfie Pon OT Tacoma dated June 1, 1989. 
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Inlet/Outlet Pipe 
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Inlet/Outlet Pipe 

Figut'e F-3-2 - Sketch of Structure 
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Photograph 1 - Exposed subsurface structure near Taylor Way. 
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Photograph 2 - Open manhole 

• ' " v • * V i ^ : ' ' ^ " • ' • ' 

Photograph 3 - Likely inlet pipe from nearby red building. 
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Geo ̂ pEngineers 

M a r c h 1 5 , 1 9 9 0 C(»isiiltiiig Geotedmical 

Ei^meeis and Geologists 

Port of Tacoma 
P.O. Box 1837 
Tacoma, Washington 98401 

Attention: Ms. Laura Cooper 

We are submitting two copies of our Report of Underground Storage Tank 

Removal at the Taylor Way site in Tacoma, Washington. Our services were 

authorized on December 28, 1989. Contractual terms for our services are 

listed in professional services agreement number E1234. The scope of our 

services is described in our proposal dated December 21, 1989, which is 

appended to the professional services agreement. 

We appreciate the opportunity to be of continued service to the Port 

of Tacoma. Please call if you have any questions regarding this report. 

Yours very truly, 

GeoEngineers, Inc. 

CLH:SCP:cs 

File No. 0454-007-B04 

Stephen C. Perrigo 
Associate 

GeoEngineers, Inc. 

2405 140th Ave. NE. Suite 105 

BeUevue. WA 98005 

Telephone (206) 746-5200 

Fax. (206) 746-5068 

^ ^ ^ ^ ^ s m M M m M 
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T A B L E O F C O N T E N T S 

INTRODUCTION 

SOIL EXCAVATION AND SAMPLING 

SOIL DISPOSAL 

CONCLUSIONS 

LIMITATIONS 

List of Figures 
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SITE PIAN 

APPENDIX A 

FIELD SCREENING OF SOIL SAMPLES 
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Geo^pEngineers 
REPORT OF UNDERGROUND STORAGE TANK REMOVAL 

TAYLOR WAY 

TACOMA, WASHINGTON 

FOR 

PORT OF TACOMA 

INTRODUCTION 

This report summarizes the results of our observations during the 

removal of an underground fuel storage tank located on Port of Tacoma 

property northwest of Taylor Way in Tacoma, Washington. The site location 

relative to surrounding features is shown on the Vicinity Map, Figure 1. 

The general layout of the site is shown on the Site Plan, Figure 2. One 

2000-gallon underground fuel storage tank was removed from the site on 

January 10, 1990. The steel tank was removed but not replaced. We 

understand that the tank had been used to store gasoline. Subsequent 

information provided to us indicated that the tank may have been used only 

to store and distribute diesel. 

The purpose of our services was to observe and evaluate subsurface soil 

conditions during the removal of the underground storage tank and to develop 

remediation plans, as necessary. GeoEngineers' scope of services completed 

for this project is listed below. 

1. Observe and document the excavation and removal of the underground 

storage tank at the site. 

2. Obtain soil samples from the limits of the excavation for chemical 

analysis of petroleum-related contaminants. Field screening was 

conducted on each soil sample for evidence of contamination using 

visual, water sheen and headspace vapor screening methods. These 

methods are described in Appendix A. 

3. Analyze soil samples for benzene, ethylbenzene, toluene, and 

xylenes (BETX) by EPA Method 8020, total petroleum hydrocarbons 

(TPH) by EPA Method 418.1 and/or fuel hydrocarbons by EPA 

Method 8015 (modified). Analytical results are presented in 

Appendix B. 

4. Excavate two test pits adjacent to the limits of the excavation 

to evaluate the extent of contamination. 

;.!:*;; .4;-;; 



Geo^^Engineers 
5. Analyze soil samples from the test pits for BETX by EPA .Method 

8020 and TPH by EPA Method 418.1. Analytical results are 

presented in Appendix B. 

6. Excavate additional contaminated soil from the excavation. Field 

screening was conducted on soil samples to assist in determining 

the limits of contamination. 

7. Collect and analyze soil samples from the enlarged excavation for 

TPH by EPA Method 418.1. 

8. Obtain a composite soil sample of the soil stockpile for analysis 

of TPH by EPA Method 418.1 in order to secure clearance for 

disposal of the soil at the Kitsap County Sanitary Landfill. 

9. Evaluate the field and laboratory data with regard to existing 

regulatory concerns. 

SOIL EXCAVATION AND SAMPLING 

CECON Corporation removed the diesel storage tank from the location 

shown in Figure 2 on January 10, 1990. The product pump, distribution lines 

and service island had been removed prior to our initial site visit. A 

representative of our staff was present to observe tank removal operations 

and to obtain soil samples. A representative of the Tacoma-Pierce County 

Health Department (TPCHD) was also present to observe the removal of the 

diesel tank. The TPCHD representative did not obtain soil samples. 

The tank removal excavation extended to a depth of approximately 

6.5 feet below the ground surface. Backfill surrounding the tank consisted 

of silty fine to medium sand with occasional gravel. Fill soils consisting 

of silty fine to medium sand with occasional gravel was encountered in the 

walls and floor of the excavation. Rapid ground water seepage *perched 

approximately 2 to 3 feet below the ground surface was observed flowing in 

the excavation. The perched ground water appeared to be related to the 

heavy precipitation event which occurred on January 9, 1990. No pitting, 

holes or corrosion was obseirved on the surface of the tank. Field screening 

methods detected the presence of petroleum-related soil contamination in the 

walls or base of the excavation. 

Soils removed during the excavation of the tank were stockpiled on 

plastic sheeting adjacent to the excavation and covered with plastic 

U T̂iT̂ ' 



Geo^^Engineers 
sheeting until analytical results were obtained. The limit of the tank 

removal excavation is shown in Figure 2. Five soil samples (900110-1 

through 900110-5) were obtained from the limits of the initial excavation 

at the locations shown in figure 2. These samples were analyzed for BETX 

by EPA Method 8020 and for TPH by EPA Method 418.1. Soil sample 900110-2 

was also analyzed for fuel hydrocarbons (gasoline and diesel) by modified 

EPA Method 8015. Analytical results indicated that the soil contamination 

was attributable to diesel fuel. 

• Current Washington Department of Ecology (Ecology) cleanup guidelines 

for petroleum-contaminated soil are 200 ppm for TPH, 560 ppb for benzene, 

143 ppm for toluene, and 14 ppm for ethylbenzene. The concentrations of 

BETX in the soil samples analyzed from the limits of the tank excavation 

were either nondetected or were less than Ecology cleanup guidelines. The 

concentration of TPH in the soil samples 900110-2 through 900110-5 all 

exceeded Ecology's cleanup guidelines for TPH. Field screening and 

analytical results are summarized in Table 1. 

On January 12, 1990, two exploratory test pits were excavated outside 

the limits of the initial excavation to assist in evaluating the extent of 

soil contamination. Soil samples were obtained from the test pits and 

submitted for analysis of TPH and BETX. Analytical results indicated that 

the soil samples (900110-6 and 900110-7) obtained from the test pits were 

below cleanup guidelines.. Field screening and analytical results are 

summarized in Table 1. Test pit locations are shown in Figure 2. 

The limits of the excavation were enlarged on January 24, 1990. Five 

soil samples (900124-2, 900124-3 and 900124-5, 900124-6 and 900124-7) were 

obtained from the limits of the enlarged excavation and analyzed for TPH. 

Analytical results indicated that limits of the enlarged excavation were 

below cleanup guidelines with the exception of the soil sample obtained from 

the northeastem wall. Additional soil was excavated from the northeastern 

wall on January 29, 1990. Soil sample 900110-9 was obtained from the 

northeastern wall after additional soil was excavated. Testing of this 

additional sample indicated TPH concentrations below cleanup guidelines for 

TPH. Field screening and analytical results are summarized in Table 1. 

Sample locations are shown in Figure 2. Laboratory reports are included in 

Appendix B. 

3 
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SOIL DISPOSAL 

Two soil samples were obtained from the stockpiled soil on January 24, 

1990. These soil samples were composited into one sample (900124-4 and -8) 

by the laboratory and analyzed for TPH as requested by the consultant 

(Parametrix, Inc.) for the Kitsap County Sanitary Landfill. GeoEngineers 

sent a letter on behalf of the Port to Parametrix on February 7, 1990 

requesting clearance for disposal of the contaminated soil at the landfill. 

A copy of this letter is included in Appendix C. 

Approximately 80 cubic yards of contaminated soil was transported to 

Kitsap County Sanitary Landfill on February 7, 1990. Ground water in the 

excavation was pvimped on January 29, 1990 prior to partially backfilling the 

excavation with imported backfill. Field screening methods indicated that 

the imported backfill was clean. We understand that the part of the 

excavation which was left open on January 29, 1990 was subsequently 

backfilled with imported backfill on January 30, 1990. 

CONCLUSIONS 

Based on the results of our field observations and analytical testing, 

it is in our opinion that no further action related to potential subsurface 

petroleum-related soil contamination is required at this site. Laboratory 

testing of soil samples obtained from the limits of the enlarged excavation 

indicate that the concentrations of petroleiim-related soil contamination are 

significantly less than Ecology's current cleanup goals. 

LIMITATIONS 

We have prepared this report for use by the Port of Tacoma. This 

report may be made available to regulatory agencies. This report is not 

intended for use by others and the information contained herein is not 

applicable to other sites. 

Our interpretation of soil conditions during remediation is based on 

field observations and chemical analytical data. It is possible that areas 

with undetected contamination may exist in portions of the site which were 

not excavated or analyzed. 

^ ^ ^ W ^ • \ i ^ ^ / ^ " : ^ ' ' ' - " ^ " • ' - : ' ' ' - > '•> ' • ' " • • ^ ' ^ j ^ M : ' ^ - ' ' ' ' ^ ^ ' ' ' ' ^ ^ ' ^ ' ^ : - ^ ^ ^ ' - ' ' - - ^ ' ^ f ^ 
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'<ii{#' 
Within the limitations of scope, schedule and budget, our services have 

been executed in accordance with generally accepted practices in this area 

at the time ' the report was prepared. No other conditions, express or 

implied, should be understood. 

Respectfully submitted, 

GeoEngineers, Inc. 

Cheryl L. Haines 
Hydrogeologist 

Stephen C. Perrigo 
Associate 

CLH:SCP:cs 
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TABLE 1 
SUMMARY OF SOIL CONTAMINATION DATA 

'•'isiii-' 

Sample 
Number 

Initial Sampling 

900110-1 

900110-2* 

900110-3 

900110-4 

900110-5 

Test Pits 

900112-6 

900112-7 

Follow-up Samples 

900124-2 

900124-3 

900124-5 

900124-6 

900124-7 

900124-4&8 

900110-9 

Sample 
Depth(ft) 

6.S 

5.0 

3.5 

i .O 

3.0 

3.0 

2.5 

4.5 

4.5 

6.5 

5.0 

4.5 

--
5.0 

BETX(ppm)(1) 
B 

<0.05 

- <0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

MT 

NT 

NT 

NT 

NT 

NT 

NT 

E 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

T 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

<0.05 

NT 

NT 

NT 

NT 

NT 

NT 

NT 

X 

0.09 

0.45 

0.33 

0.10 

0.17 

<0.05 

<0.05 

NT 

NT-

NT 

NT 

NT 

NT 

NT 

TPH(2 ) 

( ppm) 

89.9 

986 

257 

253 

296 

11.8 

<0.05 

40.8 

5.3 

8.9 

303 

9.7 

1,171 

67.9 

Sample 
Location 

Northwest Wall 

Northeast Wall 

Southwest Wall 

Northeast Wall 

Southeast Wall 

Composite Stockpile 

Northeast Wall 

Northwest Wall 

Northeast Wall 

Southwest Wall 

Northeast Wall 

Southeast Wall 

Composite of Stockpile 

Northeast Wall 

Notes: 
(1) Analyzed by EPA Method 8020. BETX - benzene, ethylbenzene, toluene and total xylenes. 

(2) Analyzed by EPA Method 418.1. TPH - total petroleum hydrocarbons. 

•Analyzed by modified EPA Method 8015 for gasoline and diesel. Results indicated diesel at 127 ppm. 

' ppm ' signifies 'parts per million' 

• < • signifies'less than' 

' f t ' s ign i f ies ' feef 

' — • signifies 'not applicable' 

',T^,?"? 
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Reference: Facilities & Services Summary, Port Of Taconna. 

Geo ̂ p Engineers 
ViaNITY MAP 

FIGURE 1 
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900124-3 900110-9 
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T P - 1 
: ^ 900112-6 

90011 >-4l 

9O0124-2? 

i_ 

Limit Of Additional Excavation 

- ^ T^'r—^ 
r_ Fence 

900110-3 900124-a 

900110-1 f 

T: 
I 

900110-5® 

Underground Diesel 

Storage Tank (Removed) 

I 900124-7 

Limit Of Initial 
Excavation 

EXCAVATTON DETAIL 

No Scale 

EXPLANATION: 

TP-1_J, TEST PIT LOCATION AND NUMBER 
900112-&"W^ AND SOIL SAMPLE NUMBER 

900110-1® SOIL SAMPLE LOCATION ANO NUMBER 

TAYIJOR WAY 

^ ^ Fence 

Property Line 
2 ^ 

,; , ^ 1 I Building . 

> / \ Underground Diesel 
Storage Tank (Removed) 
SEE EXCAVATTON DETAIL 

CO 

LOCATION MAP 

REFERENCE: DRAWING ENTITLED "SHOP BUILDING, FOR L. B. FOSTER CO., 
TAYLOR WAY" REVISION DATED 10/2/75, BY PORT OF TACOMA. 

Geo ̂ ^ Engineers 
SITE PLAN 

FIGURE 2 
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Geo^^^Engineers 

A P P E N D I X A 

FIELD SCREENING OF SOIL SAMPLES 

Soil samples obtained from the excavations were split into two 

portions. One portion of the sample was retained for soil classification 

and laboratory analysis. The second portion was tested in the field for 

fuel-related contamination using (1) visual examination, (2) sheen testing, 

and/or (3) headspace vapor testing using the Bacharach TLV Sniffer. The 

results of headspace and/or sheen screening are included in Table 1. 

Visual screening consisted of inspecting the soil for the presence of 

stains indicative of fuel-related contamination. Visual screening is 

generally more effective when contamination is related to heavier petroleum 

hydrocarbons, such as motor oil, or when hydrocarbon concentrations are 

high. Sheen testing and measurement of headspace vapors are more sensitive 

screening methods which have been effective in detecting contamination at 

levels below regulatory cleanup guidelines. 

Sheen testing involves immersion of the soil sample in water and 

observing the water surface for signs of a sheen. ' Sheen classifications 

follow: 

No Sheen (NS) 

Slight Sheen (SS) Light _ colorless sheen, spread is 

irregular, not rapid; film dissipates 

rapidly. 

Moderate Sheen (MS) Light to heavy film, may have some 

color or iridescence; spread is 

irregular to flowing, may be rapid; few 

remaining areas of no sheen on water 

surface. 

Heavy Sheen (HS) Heavy colorful film wich iridescence; 

spread is rapid, and sheen flows off 

the sample; entire water surface may 

be covered with sheen. 

Headspace vapor screening involves placing a soil sample in a plastic 

sample bag. The sample bag is sealed and shaken slightly to expose the soil 

to the air trapped in the bag. The probe of a Bacharach TLV Sniffer is then 

A - 1 
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Geo^^Engineers 
inserted into the bag and the TLV Sniffer measures the concentration of 

jjiiiii- combustible vapors present within the sample bag headspace. The TLV Sniffer 

records combustible vapor concentrations in part per million (ppm) and is 

calibrated to hexane. The instrument is designed to detect combustible 

hydrocarbon vapors at concentrations between 100 and 10,000 ppm. 

Field screening results are site specific. The results vary with 

temperature, moisture content, soil lithology, organic content, and type of 

contaminant(s). 

CHEMICAL ANALYTICAL PROGRAM 

All soil samples obtained from the excavation were submitted to Sound 

Analytical Services, Inc. for laboratory analysis. Soil samples were 

analyzed for TPH using infrared spectrophotometry methods (EPA 

Method 418.1). Seven soil samples were analyzed for BETX (EPA Method 8020) 

by gas chromatograph/photoionization procedures. One soil sample was 

analyzed for gasoline and diesel (EPA Method 8015, modified) by gas 

chromatograph/flame ionization procedures. 

Chain-of-custody procedures were observed in transporting the soil 

; samples to the analytical laboratory. The laboratory reports are presented 

'̂  •• in Appendix B. 

A - 2 
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A P P E N D I X B 

SOUND ANALYTICAL SERVICES, INC. 
SPECIAUZING IN INDUSTRIAL & TOXIC WASTE ANALYSIS 

4630 P A a n C HIGHWAY EAST. SUTTE B-14. TAOOMA. WASHINGTON 9»424 - TELEPHONE (206)922-2310 - FAX (206)922- S0*7 

Report To: GeoEngineers, Inc 

Report On: Analysis of Soil 

IDENTIFICATION; 
Samples Received on 1-10-90 
Project: 454-007-B04 POT, Tacoma 

Date: January 11, 1990 

Lab No.: 9298 
Page 1 of 2 

ANALYSIS 

Lab Sample No. 

Client ID: 

Matrix/units 

Total Petroleum Hydrocarbons 
by EPA Method 418.1 

Total Petroleum Fuel 
Hydrocarbons, 
as 
by EPA SW-84 6 Modified 
Method 8020 

Benzene 

Toluene 

Ethyl Benzene 

Xylenes 

BTEX by EPA SW-84 6 
Method 8 02 0 

RUSH 1 

900110-1 

Soil 
mg/kg 

89.9 

NT 

< 0.05 

< 0.05 

< 0.05 

0.09 

RUSH 2 

900110-2 

Soil 
mg/kg 

986 

127 
Diesel 

< 0.05 

< 0.05 

< 0.05 

0.45 

RUSH 3 

900110-3 

Soil 
mg/kg 

257 

NT 

< 0.05 ^ 

0.05 

< 0.05 

0.33 

NT = Not Tested. 
Continued 

B - 1 



SOUND ANALYTICAL SERVICES, INC. 

GeoEngineers, Inc 
Page 2 of 2 
Lab Report No: 9298 
January 11, 1990 

Lab Sample No. 

Client ID: 

Matrix/units 

Total Petroleum Hydrocarbons 
by EPA Method 418.1 

Benzene 

Toluene 

Ethyl Benzene 

Xylenes 

BTEX by EPA SW-84 6 
Method 8 02 0 

RUSH 4 

900110-4 

Soil 
mg/kg 

253 

< 0.05 

< 0.05 

< 0.05 

0.10 

RUSH 5 

900110-5 

Soil 
mg/kg 

296 

< 0.05 

< 0.05 

< 0.05 

0.17 

SQUND ANALYTICAL SERVICES 

STAN P. PALMQUISU 

3-2 
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SOUND ANALYTICAL SERVICES, INC. 
SPECIALIZING IN INDUSTRIAL &. TOXIC WASTE ANALYSIS 

4630 P A a n C HIGHWAY EAST. SUITE B-14. TACOMA. WASHINGTON 9M24 - TELEPHONE (206)922-2310 - FAX 006)922- 5047 

QUALITY CONTROL REPORT 

DUPLICATES 

Lab No: 
Date: 
Client: 
Client ID: 
Matrix: 
Units: 

9298 
January 11, 1990 
GeoEngineers, Inc 
900110-5 
Soil 
mg/kg 

Compound 

T o t a l P e t r o l e u m 
H y d r o c a r b o n s 

Sample (S) 

296 

Dup l i ca t e (D) 

272 

RPD* 

8 . 5 

*RPD = relative percent difference 
= [(S-D) / ((S + D) / 2)] x 100 



V, 
\G 1 NC. 

2A05 - lAOth AVE. N.E., SUI VLL 101̂  
BELLEVUE, WASHINGTON 9R005 

206-746-5200 

SAMPLED BY _ _ i^rflr^l^ 2̂ ;̂ 5̂r:?6l 

CHAIN OH CUSTODY RECORD 

DATE /_//_<?./_?f?»-

HROJECT LOC. .!2jit5?lE!!:̂ f2r-

FROJECT NAME _ ^ _ 0 _ T _ 

GEI KILE N0._::;^^3V'-_^^|E^<»^ 

SAMPLE 
No, 

DATE 
SAMPLED 

TIME 
SAMPLED 

DEPTH 
OF 
SAMPLE 

TYPE FIELD 
OF I FILTERED 
SAMPLE 

PRESERVATIVE ANALYSES 
ADDED TO TO BE 
SAMPLE CONDUCTED 

NO. OF 
SAMPLE 
CONTAINERS COMMENTS 

^OC/ /o - ' Soil. A j ^ / C c JO v/s . j . yo. ̂ ^ ^ / ^ > ^ ^ / / 
<^o ^ 1 0 - , Z, 

^00110-3 

' I ^ f ^ ' f , yoa;: L 
/ / n v/y./_ 9c,i€, ^ 

» i 

»f 

9^/^o-</_ 
<fao//C' f f 

/ I I I 

t l 

< y / 2 / . g ' o ^ : > ^ (« 

Y / ^ 0 Fog a / u 

\ DATE I TIME [ RELlNDUJJvHCD t«>>(3 IPJ4A1<JRE) 
NAME 
FIRM ~ Z Z M ^ ^ £ r ^ , 

RECEIV^/By(J>, 
NAME [_^Y 
FIRM 

URE r-^ DATE 

5?:;^ 
TIME 

REL1NDU1 SHED BY(S1GNATURE) 
NAME 
FIRM 

DATE TIME RECE 1VED DY (S1 GNAT \S\<il > 
NAME 
FIRM " 

DATE TIME 

ADDITIONAL COMMENTS: 

^ ( J ^ h 7 ^ / 4 > o ^ < ^ ! ^ < ^ V / ^ P M X 4 y ' u ^ ^ ^ A . ^ » < C r n € / 

'y^^A^at^Qyt'^sr 



SOUND ANALYTICAL SERVICES, INC. 
SPECIALIZING IN INDUSTRIAL & TOXIC WASTE ANALYSIS 

^6X I ' A O n C HIGHWAY EAST. SUITE B-14. TACO.MA. WASHJ.N'CTON M424 - TELEPHO.VE (206)922-2310 - FAX (206)922- .VM? 

Report To: GeoEngineers, Inc. 

Report On: Analysis of Soil 

Date: January 15, 1990 

Lab No.: 9351 

IDENTIFICATION: 
Samples Received on 01-12-90 
Project: 0454-007-B04 POT, Tacoma 

ANALYSIS: 

Lab Sample No. 

Client ID 

Benzene, mg/kg 

Toluene, mg/kg 

Ethyl Benzene, mg/kg 

Xylenes, mg/kg 

(BTEX by EPA SW-84 6 
Method 8020) 

Total Petroleum 
Hydrocarbons, mg/kg 
by EPA Method 418.1 

RUSH 1 

900112-6 

<0.5 

<0.5 

<0.5 

<0.5 

11.8 

RUSH 2 

900112-7 

<0.5 

<0.5 

<0.5 

<0.5 

<5.0 

SOUND ANALYTICAL SERVICES 

C. LARRY ZURAW// 



SOUND ANALYTICAL SERVICES, INC. 
SPECIALIZING IN INDUSTRIAL & TOXIC WASTE ANALYSIS 

4630 P A O n C HIGHWAY EAST. SUTTE B-14. TACOMA. WASHINGTON 98424 .TELEPHONE (206)922-2310 - FAX (206)922- 5W7 'nm' 

QUALITY CONTROL REPORT 

DUPLICATES 

Lab No: 
Date: 
Client: 
Client ID: 
Matrix: 
Units: 

9351 • 
January 15, 1990 
GeoEngineers, Inc. 
900112-7 
Soil 
mg/kg 

Compound Sample(S) Duplicate(D) RPD* 

Total Petroleum 
Hydrocarbons <5.0 <5.0 

*RPD = relative percent difference 
= [ (S - D) / ( (S + D) / 2) ] X 100 

3-6 



V. ^z^ 

GEOENGINEERS INC. 
2405 - 140th AVE. N.E., SU 11E I O'.v 

BELLEVUE, WASHINGTON 90005 
206-746-5200 

SAMPLE 
No, 

SAMPLED BY _J2<A4/d^-J!x.'^:f±C\S^-.. 

CHAIN OF CUSTODY RECORD 

OATE __jAL'^J. ' iP-

PROJECT LOC. 

Pl̂ lOJECT NAME _ ^ _ Q j l 2 _ _ _ 

GEI FILE W^. _ _ ( 1 J ^ € ^ L - 0 S I ^ ^ O . 

% 0 ' n - O 

DATE 
SAMPLED 

900///L-7 

///z/9o 

TIME 
SAMPLED 

/ / / f / f t f /^^r 
<ff/V s^ 

DEPTH 
OF 
SAMPLE 

^ 

J tL 

TYPE 
OF 
SAMPLE 

Sc^^ 

FIELD 
FILTERED 

A/C? 

PRESERVATIVE 
ADDED TO 
SAMPLE 

/ c : ^ ^ 

ANALYSES 
TO BE 
CONDUCTED 

/' 

^y/f'/ 

NO. OF 
SAMPLE 
CONTAINERS 

/ 

COMMENTS 

I' 

REL INOLU SHED ELY tS IGUATURE) 
NAME .(lEZ^i^.-J3^^ 

DATE 

/ / / i ^ 9 o 

TIME RECE I 
NAM 
FIRM Ht^ 

DATE ITIME 
' t / 

RELINQUISHED BY(3IGNATURE) 
NAME 
FIRM "~ •' 

DATE TIME RECEIVED DY (S I GNAT Ulif • 
NAME 
FIRM ~ 

DATE TIME 

ADDITIONAL COMMENTS: 



SOUND ANALYTICAL SERVICES, INC. 
SPECIALIZING IN INDUSTRIAL & TOXIC WASTE ANALYSIS 

4630 PAQFIC IflGHWAY EAST. SUTTE B - K TACOMA. WASHtNCTTON 9*424 - TELEPHONE (206)922-2310 - FAX (206)922- 3047 

Report To: GeoEngineers 

Report On: Analysis of Soil 

IDENTIFICATION; 
Samples Received on 1-24-90 
Project: 454-007-B04 Port of Tacoma 

Date: 

Lab No.: 9551 

ANALYSIS 

L.ab Sample No. 

Client ID: 

Matrix/Units 

Total Petroleum Hydrocarbons 
by EPA Method 418.1 

RUSH 1 

900124-2 

Soil 
mg/kg 

40,8 

RUSH 2 

900124-3 

Soil 
mg/kg 

5.3 

RUSH 3 

900124-5 

Soil 
mg/kg 

8.9 

Lab Sample No. 

Client ID 

Matrix/Units 

Total Petroleum Hydrocarbons 
by EPA Method 418.1 

Total Petroleum Fuel Hydro
carbons by EPA SW-84 6 Modified 
Method 8015 

TPH as 

RUSH 4 

900124-6 

Soil 
mg/kg 

303 

< 10 

RUSH 5 

900124-7 

Soil 
mg/kg 

9.7 

< 10 

RUSH 6 

900124-4 
900124-8 

COMPOSITE 

Soil 
mg/kg 

1,171 

NT 

SOUND 

y. 

CAL SERVICES 

STAN P. PALMQUISTl) 
. ^ 

3-8 



SOUND ANALYTICAL SERVICES, INC. ' 
SPECIALIZING IN INDUSTRIAL & TOXIC WASTE ANALYSIS 

4630 P A a n C HIGHWAY EAST, SUITE B-14. TAOOMA, WASHINGTON 9M24 - TELEPHONE (20<)9S-2310 • FAX (206)922- »47 

QUALITY CONTROL REPORT 

DUPLICATES 

Lab No: 
Date: 
Client: 

9551 
January 26, 1990 
GeoEngineers 

Client ID: 
Matrix: 
Units: 

900124-6 
Soil 
mg/kg 

Compound 

Total Petroleum 
Hydrocarbons 

Total Petroleum 
Hydrocarbons with 
3 Silica Gel 
Clean-ups 

Sample(S) 

303 

303 

Duplicate(D) 

353 

362 

RPD* 

15.2 

17.7 

Lab No: 9551 
D a t e : J a n u a r y 2 6 , 1990 
C l i e n t : G e o E n g i n e e r s 

C l i e n t ID: Composi te 
M a t r i x : S o i l 
U n i t s : mg/kg 

Compound Sample (S ) D u p l i c a t e ( D ) RPD* 

Total Petroleum 
Fuel Hydrocarbons < 10 < 10 

*RPD = relative percent difference 
= [(S - D) / ((S + D) / 2)1 X 100 

B-9 
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Page of 

CUSTOMER ER: (9f='r'> /b^q^vKcpi^^ HS T —COY ^ B O ^ 

PROJECT: fn>^ ^ " F l^ r /^ t^O. 

SAMPLER: U ^ S 6. 

P.O./JOB NO.: ^ ^ f - ^ ^ y - ^ f -

Lab No Samp1e No, Date Time Cont. A n a l y s i s Required 

^/S", / ^ c ^ ^ ^ J ^ "^OOl-Ll - 2 

^ o o i z ^ - J . "V^J / ^ L . ^ 

^^C>f2.H - ^ S T W U ^ V - H-/<K.\ H <DUL).<&f̂ ^ 

^ o o i i ^ - 6 ^/?,/ '^r.^ajJ 

"7 00 ( I ' i - Q I ^ / s - j -h ^^/.r /^u^^uj 
^ ^ T T ^ r ^ ^ ^ \%. } ^ ^ ^ / i ~ A^ 

^ 0 0 1 2 ' ^ -% ^.rh-^)!^ ^ / ? , ; \\n\A t ^ 

Rel inqu i shed by: 

-g/iWx3 

Date Time ived by . Datte Time 

/ i ^ ^ yAiAo\ 3 ' ^ ^ 
Relinquished by: Date Time ce^ved by: Date Time 

Dispatched by: Date Time Received at lab. by: Date Time 

4630 Pacific Hwy East Suite 3-14 B - 1 0 
I K T C . 
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SOUND ANALYTICAL SERVICES, INC. 
SPECIALIZING IN INDUSTRLM & TOXIC WASTE ANALYSIS 

4630 PAOnC HlCIfft'AY EAST, SUTTE B-14. TACOMA. WASHINGTON 9M24 - TELEPHONE (206)922-2310 • FAX (206)922- 5047 

Report To: GeoEngineers, Inc. Date: January 29, 1990 

Report On: Analysis of Soil Lab No.: 9613 

IDENTIFICATION; 
Samples Received on 1-29-90 
Project: 454-07-B4 Port of Tacoma 
Client ID: RUSH 900110-9 

ANALYSIS: 

Total Petroleum Hydrocarbons, mg/kg 47.9 
by EPA Method 418.1 

SOUND ANAI.:̂ ¥iCAL SERVICES 

STAN P. PALMQUIST ,] 

B-11 



SOUND ANALYTICAL SERVICES, INC. 
SPECIALIZING IN INDUSTRIAL & TOXIC WASTE ANALYSIS 

4630 P A Q F I C HIGHWAY EAST, SUTTE B-14. TAOOMA. WASHINGTON 98424 - TELEPHONE (206)922-2310 - FAX (206)922- 5047 

'iijiijii'' 

Lab No: 
D a t e : 
C l i e n t : 
C l i e n t I D : 
M a t r i x : 
U n i t s : 

QUALITY CONTROL REPORT 

DUPLICATES 

9613 . 
January 29, 1990 
GeoEngineers, Inc. 
900110-9 
Soil 
mg/kg 

Compound 

T o t a l P e t r o l e u m 
H y d r o c a r b o n s 

Sample(S) 

4 7 . 9 

D u p l i c a t e ( D ) 

4 4 . 8 

RPD* 

6 .7 

*RPD = relative percent difference 
= [(S - D) / ((S + D) / 2)] X 100 

B - 12 



Page _ 

CUSTOM! 

PROJECT 

ŜAMPLEF 

, 

4 
1 

. 

Lab No, 

• 

'<?*% 

fC 

CTM-A-IM O I ^ C-U:>TCDr>^ R E C O R D 

/ of/ • . 

": Pffsr-i 6 T 77c<v^*-s 

1= X & H 
• 

Sample No, 

f^onf^9 

• 

Date 

l / ^ 

Time 

///J 

i 

) • 

— 

p 

1 

• 

• 

3./JOB NO.: V/Y- O J - e Y 
•-

f:̂  • i ^ . • •»• 

ont . 

* 

i-r.'v -

• 

Analysis Required 

4rr.f re^/n 
•f-^ 

-

H 

. 

Relinquished by: 

• i^ j fui 
t / ^ f -

Date Time Kep«ivea r>y: Date Time 

Rel iijjfui shed by: 'Date Time 
I 

Rec^a-ved by; Datfe 'Time 
I 1 

Dispatched by: Date Time 

I 
Received at lab by: Date Time 

4630 Pacific Hwy East Sutte S ^ 
Tacoma. WA 98424 ( 206 L 922-2310 ^ - 13 
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A P P E N D I X 

February 7, 1990 

Parametrix 
13020 Northup Way 
Bellevue, Washington 98005 

.attention: Hr. Rich .Mullan 

GeoEngineers is assisting the Port of Tacoma with the cleanup of 
contaminated soil related to an underground storage tank located along 
Taylor Way in Tacoma, Washington. We understand that the underground 
storage tank had been used for the storage of diesel fuel. Soil removed 
from the excavation has been temporarily stockpiled on site. V?e estimate 
the volume at approximately 140 cubic yards. 

The stockpiled soil was sampled on January 10 and 24, 1990, Two 
samples (designated as 900124-4 and -8: composite and 900110-2) were 
analyzed for total petroleum hydrocarbons (TPH) by EPA Method 418.1 at your 
request. The concentrations of TPH in those samples was 1171 and 9S6 ppm 
as shown on the attached laboratory reports. The latter sample was also 
analyzed for BETX by EPA Method 8020. In that sample, benzene, ethylbenzene 
and toluene were not detected (<0.05 ppm) and total xylenes were detected 
at 0.45 ppm. 

On behalf of the Port of Tacoma, we are requesting permission for 
disposal of this soil at the Kitsap County Sanitary. Landfill. 

Thank you for your assistance in this matter. If you have any 
questions regarding these waste soils, please call. 

Yours very truly, 
GeoEngineers, Inc. 

(Z^-UA.yi ^ X̂ «,̂ yiUfisr 

Cheryl L. Haines 
Staf f Geologist 

WSL:cs 

Attachments 

F i l e No. 0454-007-B04 

c c : Por t of Tacoma 
At tn : .Hs . Laura Cooper 
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SOUND ANALYTICAL SERVICES, INC. 
SPECUUZING EM INDUSTRIAL & TOXIC WASTE ANALYSIS 

4630 P A O n C HIGHV-'AY EAST, SLTTE B-14, TACOMA, WASHINCTO.N' 9M24 . TELEPHO.VE (206)9Z:-23J0 - FAX (204)922- 5047 

Report To: GeoEngineers 

Report On: Analysis of Soil 

IDENTIFICATION: 
Samples Received on 1-24-90 
Project: 454-007-B04 Port of Tacoma 

Date: January 26, 1990 
Revised:January 29, 1990 
Lab No.: 9551 

ANALYSIS: 

Lab Sample No. 

Client ID: 

Matrix/Units 

Total Petroleum Hydrocarbons 
by EPA Method 418.1 

RUSH 1 

900124-2 

Soil 
mg/kg 

40.8 

RUSH 2 

900124-3 

Soil 
mg/kg 

5.3 

RUSH 3 

900124-5 

Soil 
mg/kg 

8.9 

Lab Sample No. 

Client ID 

Matrix/Units 

Total Petroleum Hydrocarbons 
by EPA Method 418.1 

Total Petroleum Fuel Hydro
carbons by EPA SW-84 6 Modified 
Method 8015 

TPH as 

RUSH 4 

900124-6 

Soil 
mg/kg 

303 

< 10 

RUSH 5 

900124-7 

Soil 
mg/kg 

9.7 

< 10 

RUSH 6 

900124-4 
900124-3 

COMPOSITE 

Soil 
mg/kg 

1,171 

NT 

SOUND ANALYTICAL SERVICES 

STAN P. PALMQUISTJ 

'*iii§!i'' 

C - 2 
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SOUND ANALYTICAL SERVICES, INC. 
SPECLUJZING IN INDUSTRIAL &. TOXIC WASTE ANALYSIS 

4630 P A O n C HJGHWAY E A ^ , StJTTE B-14. TACOMA. WASHINCTON 9M24 - TELEPHO.NE (204)922-2310 - FAX (206)922- iOi l 

QUALITY CONTROL REPORT 

DUPLICATES 

Lab No: 
Date: 
Client: 

9551 
January 26, 1990 
GeoEngineers 

Client ID: 
Matrix: 
Units: 

900124-6 
Soil 
mg/kg 

Compound 
Total Petroleum 
Hydrocarbons 
Total Petroleum 
Hydrocarbons with 
3 Silica Gel 
Clean-ups 

Sainple (S) 

303 

303 

Duplicate(D) 

353 

362 

RPD* 

15.2 

17.7 

Lab No: 9551 
Date: January 26, 1990 
Client: GeoEngineers 

Client ID: Composite 
Matrix: Soil 
Units: mg/kg 

Compound Sample(S) Duplicate(D) RPD* 
Total Petroleum 
Fuel Hydrocarbons < 10 < 10 

*RPD = r e l a t i v e p e r c e n t d i f f e r e n c e 
= C(S - D) / ( ( S + D) / 2 ) 3 X 100 
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ANALYSIS 

Lab Sample No. 

Client ID: 

.Matrix/units 
• 

Total Petroleum Hydrocarbons 
by EPA Method 418.1 

Total Petroleum Fuel 
Hydrocarbons, 
as 
by EPA SW-84 6 Modified 
Method 3015 

Benzene 

Toluene 

Ethyl Benzene 

Xylenes 

BTEX by EPA SW-84 6-
Method 8020 

RUSH 1 

900110-1 

Soil 
mg/kg 

89.9 

NT 

< 0.05 

< 0.05 

< 0.05 

0.09 

RUSH 2 

900110-2 

Soil 
mg/kg 

986 

127 
Diesel 

< 0.05 

< 0.05 

< 0.05 

0.45 

RUSH 3 

900110-3 

Soil 
mg/kg 

257 

NT 

< 0.05 

0.05 

< 0.05 

0.33 

NT = N o t T e s t e d . 
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Lab Sample No. 

Client ID: 

Matrix/units 

Total Petroleum Hydrocarbons 
by EPA Method 418.1 

Benzene 

Toluene 

Ethyl Benzene 

Xylenes 

BTEX by EPA SW-84 6 
Method 8020 

RUSH 4 

900110-4 

Soil 
mg/kg 

253 

< 0. 05 

< 0.05 

< 0.05 

0.10 

RUSH 5 

900110-5 

Soil 
mg/kg 

296 

< 0.05 

< 0.05 

< 0.05 

0.17 
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APPENDIX G 
QUANTITATION OF HUMAN EXPOSURE AND RISK; UNCERTAINTY ANALYSIS; 
RISK TRANSPORT PATHWAYS AND MODELING 
BLAIR BACKUP PROPERTY 

Quantification of Human Exposures 

This section presents the approach used to estimate hvraian exposures 
via each of the identified exposure pathways. The general equation 
used to calculate exposure is as follows: 

^ ^ C x C R x EFD 
BWxAT 

Where 

D Chemical Dose (also called the Chronic Daily Intake 
(CDI); the amount of a chemical penetrating the 
exchange boundaries of an organism (e.g., skin or 
gastrointestinal tract) in mg/kg body weight-day (mg/kg-
day) 

C Chemical Concentration; the concentration contacted over 
the exposure period in ppm 

CR Contact Rate; amount of contaminated medium contacted 
per unit time in gm/hour 

EFD Exposure Frequency and Duration; the combined 
frequency in hours/day and duration in years of exposure 

BW Body Weight; the average body weight of an individual 
over the exposure period in kg 

AT Averaging Time; period over which exposure is averaged 
to compare with toxicity criteria in years. The averaging 
time for carcinogens, AT equals the average lifetime (75 
years); for non-carcinogens, AT equals the number of 
years over which the exposure occurs. 

Page G-1 
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For each exposure pathway, an average case and reasonable maximum 
exposure scenario were developed. The average case is based on the 
arithmetic mean exposure point concentration in the appropriate 
enviromnental medium. The reasonable maximum exposure (RME) 
case uses the 95th percentile confidence limit (95% CL) of the 
arithmetic mean. The maximum concentration was used in place of the 
95% CL if a chemical was detected fewer than three times in a set of 
data, or if the 95% CL exceeded the maximum. In calculating the 
average and 95% CL concentrations, nondetected chemicals were 
assumed to be present at one half of the method detection limit for the 
chemical. 

By providing both an average case and a RME scenario a measure of 
the uncertainty in the final risk estimates, as a result of using a range of 
potential exposures in the exposure estimate, is provided. 

Exposure parameter values used in each of the scenarios evaluated in 
this assessment are summarized in Table G-1 and are described below. 
In general, values used are those recommended by EPA Region 10 for 
industrial exposures. In selected cases, Region 10 recommended values 
were not used or were not available and the derivation of the values 
used are discussed in the following text. 

Methods used to estimate concentrations of chemicals of potential 
concern at the point of human contact (exposure point concentrations) 
in air and off-site surface water, and the values and assumptions used in 
those models, are presented below. 

Soil and Sediment Exposures. Exposure point concentrations for direct 
contact with soils were estimated using the average and 95% CL of soil 
sampling results from surface to 15 feet in depth consistent with MTCA 
guidelines. Although exposure concentrations could be somewhat 
higher in surficial soils, our sampling design did not address overall site 
surficial soil quality in the North Site, General/Fill, and Ohio Ferro-
AUoy/Pennwalt Areas. Surficial soil samples collected from discrete 
waste piles (e.g., the sandblast waste samples shown in Tables F-1-1 and 
F-1-2) were not used to calculate exposure point concentrations, 
because removal of these piles wiU be included in the land transfer 
agreement. Assumptions on body weight, soil intake, exposed skin 
surface area, and frequency and duration of exposure to soils are 
presented in Table G-1. These values were obtained from EPA Region 
10 (1990) guidelines for evaluation of industrial exposures (for the 
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average case) or from the EPA Region 10 1991 guidelines (for the 
RME case). Because EPA is no longer requiring or updating the 
average case scenario, some of the average exposure assumptions 
exceed the new RME assumptions. Exposures to sediments were 
assumed to occur at the same contact rate as for soils, but the 
frequency of exposure was assumed to be one 8-hour exposure per 
week (5 percent) for the average case and two 8-hour exposures per 
week (10 percent) for the RME case. 

In general, absorption of chemicals into the body from ingested soil or 
sediment was conservatively assumed to be equal to the absorption 
efficiency from the study on which the toxicity factor was based (relative 
bioavailability 100 percent). However, some cheim"cals are known to 
have lower bioavailability from soils than from water or dietary media. 
In this case, EPA (1989) guidelines indicate that it is appropriate to 
make a correction to the dose to reflect the lower absorption rate. 
Chemicals for which less than 100 percent relative bioavailability was 
assumed were as follows: 

• Polycyclic Aromatic Hydrocarbons. Relative bioavailability of PAHs 
from ingested soils, compared to intake in water or diet, can be 
estimated by analogy to dioxins, a group of compounds of similar 
hydrophobicity. Compounds with a higher octanol-water partition 
coefficient (K^) tend to be strongly adsorbed to soils and to have 
lower bioavailability. The log K ^ of dioxins range from 4.0 to 
about 8.6 (EPA, 1988d), while those of the carcinogenic PAHs range 
from about 4.5 to 6.5 (HSDB, 1991). In a review of the literature, 
EPA (1988d) determined that the gut absorption of tetrachloro-
dibenzodioxins (TCDDs) from soil ranges from 20 to 40 percent, 
and that the bioavailability relative to administration in com oil 
ranges from 25 to 50 percent. The latter range of values will be 
used for the average and RME absorption factors for PAHs. The 
uncertainty associated with this assumption and the effect of the 
assumption on the risk estimate are discussed later in this section. 

Dermal absorption of chemicals applied directly to the surface of 
human skin spans a tremendous range. Absorption rates of 21 pure 
organic compounds were shown to range over one thousand fold 
(Feldman and Maibach, 1970). Dermal absorption of chemicals from 
soil and dust adhering to the surface of the skin spans an even greater 
range than direct absorption. For this risk assessment, inorganic 
chemicals were assumed to be absorbed at a rate of 0.1 percent for the 

Page G-3 



Hart Crowser 
J-2350-07 

average case and 1 percent for the RME case, as recommended by 
EPA Region 10 (1990). 

• Polycyclic Aromatic Hydrocarbons. Dermal absorption of PAHs 
was estimated from a study by Wester et al. (1990) in which dermal 
absorption of benzo [a] pyrene from acetone solution and from soil 
was measured with in vitro and in vivo preparations. The in vivo 
percutaneous absorption in rhesus monkeys of 13.2 +/- 3.4 percent 
was significantly less than the absorption from acetone of 51 +/-
13.2 percent. For this assessment, the average dermal absorption of 
13 percent was used for the average exposure and the average plus 
two standard deviations (20 percent) was used for the RME 
exposure. 

• Phthalates. The dermal absorption of bis(2-ethylhexyl)phthalate was 
assumed to be 50 percent, a conservative assumption since most 
studies of absorption of hydrophobic organic chemicals have shown 
absorption of less than 50 percent (Wester et al. 1990, Feldman and 
Maibach, 1970). 

Inhalation Exposures. Concentrations of fugitive dusts in on-site and 
off-site ambient air, of vapors in off-site ambient air, and of vapors in 
air inside a future industrial or commercial facihty built on the property 
were estimated using emissions and air transport models. "Details of 
these models are presented below. 

The estimated intakes of contaminants absorbed via inhalation exposure 
were calculated using the following equation: 

r n r _ (CJ(IR)(EF)(DXA) 
a BWxAT 

where. 

CDI, = average chemical dose from inhalation (Chronic 
Daily Intake) in mg/day; 

C, = chemical concentration in air in mg/m^; 
IR = inhalation rate in m^/hr; 
EF = exposure frequency factor in hrs/year; 
D = duration of exposure in years; 
A = inhalation absorption factor (unitless); 
BW = body weight in kg; 
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AT = averaging time; for carcinogens, equal to the 
average lifetime, for non-carcinogens, AT equals ^ ^ 
the duration of exposure (D). 

Inhalation exposure factors used in the risk assessment, including 
ventilation rate, duration and frequency of exposure, and body weight, 
were taken from EPA Region 10 (1990 and 1991) guidelines for 
evaluation of industrial exposures. The bioavailability of inhaled 
chemicals was assumed to be equal to that in the study on which the 
toxicity factor for the chemical was based (relative bioavailability = 100 
percent), with the following exceptions: 

• PAHs. Average and RME relative bioavailability of 25 and 50 
percent was assumed for inhaled dusts, as explained above for 
ingested soils. 

If an absorption factor for inhalation of 100 percent was used, it would 
result in a risk estimate twice as high (refer to uncertainty discussion on 
page G-21). 

Exposures from Ingestion of Fish. Concentrations of chemicals of 
concem in fish in Blair and Hylebos waterways due to groundwater 
discharge into these water bodies were estimated from the average and 
95% CL concentrations in on-site groundwater. Transport models used 
to calculate the discharge rate of contaminants into the waterways and 
the equilibrium concentrations in fish tissue are described below. All 
exposure factors used to calculate doses from ingestion of fish, including 
quantity of fish consumed, body weight, and frequency and duration of 
exposure, were consistent with EPA Region 10 (1990) guidance. The 
estimated chronic daily intakes (CDIs) of contaminants due to ingestion 
of contaminated fish from Fife Ditch were calculated using the following 
equation: 

_ (C;(/Jg)(£F)(Z?) 

^ BWxAT 

where, 
CDIf = average chemical dose from ingestion of fish (Chronic 

Daily Intake) in mg/day; 
Cf = chemical concentration in fish edible tissue in mg/kg; 
IR = fish consumption rate in kg/day; 
EF = exposure frequency (dietary fraction) in percent; 
D = duration of exposure in years; 
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BW = body weight in kg; 
AT = averaging time; for carcinogens, equal to the average 

lifetime, for non-carcinogens, AT equals the duration of 
exposure (D). 

Toxicity Assessment 

This section describes the methodology developed by EPA to evaluate 
human health effects of chemicals and summarizes the toxicity values 
which have been developed by EPA for evaluation of exposure to these 
chemicals. Toxicity profiles for the chemicals of concern are presented 
in Appendix H. Regulatory criteria that have been developed for 
protection of human health and for protection of aquatic organisms are 
also described in those profiles. 

The procedure used to evaluate health risk depends upon whether non
carcinogenic or carcinogenic responses (toxicological endpoints) are 
used to assess potential risks. These criteria, in tum, are based on the 
toxic effect observed in laboratory or epidemiological studies with the 
chemicals. Some chemicals of concem may exhibit both non
carcinogenic and carcinogenic effects; however, ih most cases the EPA 
developed toxicity criteria only for the effect occurring at the lowest 
dose, i.e., the most sensitive endpoint. 

Health Effects Criteria for Non-Carcinogenic Chemicals. Reference 
doses (RfDs) developed by the EPA RfD Work Group, obtained from 
Health Effects Assessments (HEAs) are generally used as health criteria 
for chemicals exhibiting non-carcinogenic effects. The RfD, expressed 
in units of mg/kg-day, is an estimate of the maximum human chronic 
daily exposure level that is likely to be without an appreciable risk of 
deleterious effects during a lifetime. RfDs are usually derived either 
from human studies involving work place exposures or from animal 
studies, and are adjusted using uncertainty and modifying factors, as 
described in Barnes et al. (1987). The RfD provides a benchmark 
against which human intakes of chemicals estimated for exposures to 
contaminated environmental media may be compared. 

Certain inhalation toxicity factors are presented by EPA as a reference 
concentration (RfC) in mg/m^ rather than as an RfD in mg/kg-day. In 
this report, RfCs were converted to RfDs by assuming inhalation of 20 
mVday of air by a 70-kg individual. 
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Health Effects Criteria for Potentially Carcinogenic Chemicals. The 
risk associated with a chemical classified by EPA as a potential human 
carcinogen is evaluated differently from a non-carcinogen. The upper-
bound cancer risk associated with a given dose is calculated by 
multiplying the dose from a given route of exposure by a cancer potency 
factor or cancer slope factor (q,*). These factors are derived from the 
results of chronic animal bioassays or human epidemiological studies 
and are expressed in units of (mg/kg-day)'. Certain cancer potency 
factors are expressed by EPA as a unit risk in (/ig/m')'. For use in this 
assessment, unit risks were converted to a cancer slope factor by 
assuming inhalation of 20 mVday by a 70-kg individual. 

Animal bioassays are usually conducted at dose levels that are much 
higher than those likely to be encountered by human exposure to 
environmental media, in order to detect possible adverse effects in the 
small test populations used in these studies. Since humans are generally 
exposed at lower doses, the data are adjusted using mathematical 
models of the dose-response curve. A linearized multistage model is 
typically fitted to data from animal studies to obtain a dose-response 
curve. The 95th percentile upper confidence limit of the slope of the 
dose-response curve is subjected to various adjustments and an 
interspecies scaling factor is usually applied to derive a cancer potency 
factor for humans. Dose-response data derived from human 
epidemiological studies are fitted to dose-time-response curves to derive 
a cancer slope factor. In both types of analysis, health conservative 
assumptions are applied and the models provide estimates of the upper 
limits on lifetime risk. The actual risks associated with exposure to a 
potential carcinogen are not likely to exceed the risks estimated using 
slope factors, but may be much lower and may even be zero. 

EPA assigns weight-of-evidence classifications to potential carcinogens. 
Under this system, chemicals are classified as either Group A, Group 
Bl, Group B2, Group C, Group D, or Group E, Group A chemicals 
(known human carcinogens) are agents for which there is sufficient 
evidence to support the causal association between exposure to the 
agents in humans and cancer. Groups Bl and B2 chemicals (probable 
human carcinogens) are agents for which there is limited (Bl), or 
inadequate (B2) evidence of carcinogenicity from human studies, but for 
which there is sufficient evidence of carcinogenicity from animal studies. 
Group C chemicals (possible human carcinogens) are agents for which 
there is limited evidence of carcinogenicity in animals, and Group D 
chemicals (not classified as to human carcinogenicity) are agents with 
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inadequate human and animal evidence of carcinogenicity or for which 
no data are available. Group E chemicals (evidence of non^ 
carcinogenicity in humans) are agents for which there is no evidence of 
carcinogenicity in adequate human or animal studies. 

Use of Chronic Toxicity Values. For the purposes of the present 
assessment, the toxicological characterization of indicator chemicals was 
generally confined to chronic (i.e., lifetime) exposures. It is recognized, 
however, that shorter term exposures to contaminants, such as those 
resulting from episodic releases of high concentrations, could also occur. 
While shorter term toxicity criteria (e.g., subchronic RfD values) are not 
discussed or presented in this risk assessment, it is assumed that use of 
a chronic toxicity value will be adequately conservative to address less 
than chronic exposures (EPA 1989). The types of exposures likely at 
the Blair Backup property (e.g., contact with soils by workers, inhalation 
of vapors) are also more appropriately addressed in the context of long-
term cumulative (i.e., chronic) doses. 

Oral and Inhalation Toxicity Values. Important differences exist in the 
disposition of chemical compounds in the body following different 
routes of exposure, due in part to physiologic and pharmacokinetic 
factors. However, when toxicologic information for a particular 
exposure route is unavailable (usually for dermal or inhalation 
exposures) it may be appropriate to assume similar physiological 
processes (e.g., absorptivity and metabolism) for both exposure 
pathways and to utilize the existing value (usually for oral exposure) to 
represent the other exposure pathways. In this assessment, risks 
associated with dermal exposures were evaluated using oral toxicity 
factors, since EPA has not developed dermal toxicity criteria. Oral 
toxicity values were not used to evaluate inhalation exposures due to the 
increased uncertainty added to the risk assessment by this extrapolation 
step. 

Selection of Toxicity Values for Chemicals of Potential Concem. The 
RfD and q,* values used in this risk assessment are summarized in 
Tables G-2 and G-3, respectively. Toxicological profiles describing the 
bases of these values are presented in Appendix H. 

Toxicity criteria listed in the EPA Integrated Risk Information System 
(IRIS; EPA 1991a) are regarded as "verified", in as much as they 
represent a consensus of the major scientific entities within EPA For 
those chemicals of potential concem for which no value has been 
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published in IRIS, toxicity criteria were obtained from EPA Health 
Effects Assessment (HEA) documents or summary tables or from the 
EPA Office of Drinking Water (ODW) health advisories. These criteria 
do not represent as broad a consensus within the EPA and are not 
regarded as verified. 

It should be noted that chromium detected at the property was assumed 
to be present in a 50:50 ratio of trivalent to hexavalent forms for 
calculation of cancer risk from inhalation based on slag mineralogy data 
as presented in Attachment F-2 of Appendix F. For calculating non
carcinogenic toxicity via inhalation, the form of the Cr is not important, 
since the inhalation RfDs for Cr(VI) and Cr(III) are equal. For the fish 
ingestion pathway, the RfD for Cr(III) was used to evaluate non
carcinogenic risk, because Cr(VI) would be converted to Cr(III) in fish 
tissue. 

Dermal exposure to PAHs was not evaluated quantitatively in this last 
assessment, because PAHs are direct-acting carcinogens (i.e., the effect 
of concem is skin cancer), and it is not appropriate to use an oral 
toxicity factor to evaluate dermal exposures to such chemicals. 

Adjustments were made in carcinogenic and non-carcinogenic toxicity 
factors to assure that the site exposure estimate and the toxicity value 
were both expressed as intakes (also called administered doses) or both 
expressed as absorbed doses (EPA 1989). The following adjustments 
were made for this purpose: 

• Arsenic. The oral RfD and cancer slope factors for arsenic are 
based on absorbed doses from epidemiological studies (EPA, 1991a). 
Thus, estimated exposures to ingested arsenic in soil and sediments 
were multiplied by a factor of 0.4 for both the average and RME 
cases, based on a recommended value for arsenic absorption of 40 
percent from Ecology (1991b). 

The inhalation cancer slope factor for arsenic was derived from 
epidemiological studies in humans and is based on an absorbed 
rather than administered dose. A pulmonary absorption rate of 30 
percent was assumed in deriving the cancer slope factor (EPA, 
1984a). According to EPA (1989) guidance, the inhalation intake 
should be adjusted to reflect this factor. 
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Dermal Exposure: All Chemicals. Since an absorbed dose is 
calculated for dermal exposure, toxicity factors that are based on 
administered doses were adjusted to an absorbed dose factor by 
multiplying the oral RfD by the oral absorption rate, or by dividing 
the oral cancer slope factor by the oral absorption rate (EPA, 1989). 
The oral absorption rates assumed in this assessment, and the bases 
for these assumptions, are as follows: 

PAHs 
bis(2-ethylhexyl)phthalate 

cadmium 
chromium 
copper 
manganese 

mercury 

nickel 

zinc 

100% 
5% 

5% 
20% 
20% 
5% 

5% 

5% 

20% 

NAS, 1981 
Default assumption 
(EPA 1989) 
EPA, 1991a 
Gregus and Klaassen, 
Gregus and Klaassen, 
Default assumption 
(EPA 1991a) 
Default assumption 
(EPA, 1991a) 
Default assumption 
(EPA 1991a) 

. Gregus and Klaassen, 

1986 
1986 

1986 

Oral absorption rates for chromium, copper, and zinc ranging from 
20 to 50 percent were measured by Gregus and Klaassen (1986). 
The 20 percent value used in this report will thus provide a 
conservative assessment of risk. Toxicity factors for arsenic were not 
adjusted for comparison with dermal exposure since these are 
already expressed as absorbed dose factors. 

Hunian Health Risk Assessment 

In this section, the methodology used to estimate intakes of the 
chemicals of potential concem is discussed, potential carcinogenic and 
non-carcinogenic risks are estimated, and multipathway exposures to 
potentially exposed human populations are evaluated. 

Carcinogenic Risk /issessment Methodolopv 

For carcinogens, baseline risk is presented as the increase in the 
probability of contracting some form of cancer over a lifetime, above 
and beyond the national average cancer rate found in the general 
population. These excess lifetime cancer risks are obtained by 
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multiplying the daily dose (D) or chronic daily intake (CDI) of the 
contaminant under consideration by its cancer slope factor (q,*). 

Risk = D * q,' 

Where: 

Risk Lifetime Excess Cancer Risk; the probabihty of contracting 
cancer over a lifetime of exposure to a contaminant which is 
in excess of the national average cancer rate, unitless. 

D Chemical Dose; the amount of a chemical penetrating the 
exchange boundaries of an orgam'sm over a lifetime (e.g., 
skin or gastrointestinal tract) in mg/kg-day. Also referred to 
as the Chronic Daily Intake (CDI). 

q,* Slope Factor; the upper-bound estimate of the probability of 
a cancer response per unit of intake of a chemical over a 
lifetime in (mg/kg-day)"' 

According to EPA guidance (EPA 1989), the risk equation shown 
above is appropriate for excess cancer risks of less than 10"̂  (i.e., 1 
excess cancer in every 100 individuals exposed throughout their 
lifetime). When the daily intakes are large, the linear approach 
described above is not valid. For excess lifetime cancer risks greater 
than 10'̂ , individual cancer risks are calculated by the following 
equation: 

Excess Lifetime Cancer Risk = 1 - exp(-D x q,*) 

Since more than one potentially carclnogemc chemical is present at the 
Blair Backup property, the total potential risk will be estimated by 
summing the potential risks for the individual chemicals, as suggested in 
EPA's guidance document for chemical mixtures (EPA, 1986b). All 
chemicals with known or potential carcinogenic effects are summed 
regardless of their weight of evidence factors, (e.g.. Group A B2, C). 

Regulatory guidelines of "acceptable" upper-bound cancer risks to 
protect the health of the public, including sensitive individuals, normaUy 
range'froih approximately 10"̂  to 10"*, or a probabihty of 1 in 10,000 to 
1 in 1,000,000 of developing cancer due to lifetime exposure to a 
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carcinogen (EPA 1988c). The general target for lifetime cancer risks 
under the RME scenario is IO"*, or 1 in 1,000,000. 

Non-carcinofenic Risk /issessment Methodolopv 

Potential risks are assessed for non-carcinogens by calculating the ratio 
of the CDI to the reference dose (CDI:RfD). In general, if the 
CDI:RfD ratio is less than one (i.e., if the daily intake is below the 
designated EPA health criterion), the contaminant is considered unlikely 
to be associated with any significant health risks. It is, therefore, 
projected to be less likely to be of regulatory concem than a chemical 
with a CDI:RfD ratio greater than one. 

Toxic effects of non-carcinogenic chemicals are initially assumed to be 
additive, in accordance with EPA guidance on health risk assessment of 
complex mixtures (EPA 1986b). For each scenario, the CDI:RfD ratios 
for each individual chemical are summed to produce a Hazard Index for 
total toxic risks, ff the Hazard Index is less than one, the combined 
intake of chemicals by the exposure route under consideration is 
unlikely to pose a health risk. If the Hazard Index exceeds one, the 
chemicals are generally subdivided according to their toxicological 
endpoints (e.g., kidney effects), and the risk for each endpoint is 
considered separately (EPA 1989). 

Chronic daily intakes (CDIs), excess lifetime cancer risks, and CDI:RfD 
ratios for the chemicals of potenfial concem considered in this 
assessment are discussed below for each scenario that was quantitatively 
evaluated. 

Quantification of Human Health Risks 

Potential human health risks were evaluated for each of the pathways 
identified in Section 7.3. Chronic daily intakes and risks for these 
exposure scenarios are presented in tables in this appendix. The results 
of the human health risk assessment are summarized below. 

Potential Current-Use Risks 

Inhalation by Off-site Workers of Airbome Vapors. Average and RME 
chronic daily intakes and risk estimates for inhalation of volatUe organic 
chemicals and fugitive dust by off-site workers are presented in Tables 
G-6 and G-7, for the North Site and OFA/Pennwalt Areas, respectively. 
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Risks were estimated for a receptor located at the Pennwalt Ag-Chem 
facUity northeast of the property. Combined potential lifetime excess 
cancer risks from vapors generated from the two areas were 5 x 10'' for 
the average exposure and 3 x 10"* for the RME exposure. The risk was 
due to vinyl chloride at the North Site Area and benzene at the 
OFA/Pennwalt Area. Both of these chemicals are known (Group A) 
htmian carcinogens. The Hazard Index for total non-carcinogenic 
effects did not exceed unity for the combined exposure to the two 
sources; thus, no adverse non-carcinogenic health effects are expected 
for this pathway. 

The estimated risks for exposure to VOCs in air may be put into 
perspective by comparing the estimated air concentrati'ons with typical 
ambient air concentrations. For example. Shah and Singh (1988) 
reported average U.S. outdoor air concentrations of 3.2 ppbv (8.9 
/tg/m') vinyl chloride and 2.8 ppbv (9.8 /xg/m )̂ benzene. These 
measurements represented a combination of mral, urban, and industrial 
environments. The ambient levels may be compared to the RME 
outdoor air concentrations estimated in this report for off-site workers: 
0.001 /ig/m^ vinyl chloride and 0.005 /xg/m' benzene. Thus, the 
estimated exposure point concentrations for the site are three orders of 
magnitude lower than average concentrations in ambient air. 

Inhalation by Off-site Workers of Airbome Dusts. Average and RME 
chronic daily intakes and risk estimates for off-site workers inhaling 
particulates emitted from on-site soUs are presented in Tables G-8, G-9, 
and G-10 for the General/FUl, North Site, and OFA/Pennwalt Areas, 
respectively. Risks were estimated for a receptor located at the 
Permwalt Ag-Chem facility northeast of the property. Combined 
potential Ufetime excess cancer risks from inhalation of particulates 
generated from aU three areas were 1 x 10"' for the average exposure 
and 7 x 10"' for the RME exposure. Most of the carcinogenic risk was 
associated with hexavalent chromium. The chromium detected in site 
soUs was assumed to exist in a 50:50 ratio of trivalent to the hexavalent 
form based on slag mineralogy data (as presented in Attachment F-2 of 
Appendix F). Chromium (VI) is a known (Group A) human 
carcinogen, while chromium (HI) is not considered to be carcinogenic. 
Arsenic and carcinogenic PAHs from the OFA/Peimwalt Area also 
contn'buted to the total potential cancer risk. 
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The Hazard Indices for average and RME non-carcinogenics were less 
than one for inhalation of combined fugitive dusts from the three areas 
of the site. 

The fugitive dust emissions models and the SCREEN model used to 
estimate emissions and dispersion of dusts from on-site soils are 
screening-level models which use simplifying assumptions to estimate 
the generation and transport of particulates. These models produce 
conservative estimates of dust generation and aimual average air 
concentrations, respectively, and are Ukely to overestimate the tme risk 
from this exposure pathway. 

Potential Future Commercial/Industrial Use Risks 

Inhalation of Airbome Vapors by Future On-Site Workers. Average 
and RME chronic daily intakes and risk estimates for inhalation of 
vapors in indoor air by future on-site workers are presented in Tables 
G-11 and G-12 for the North Site and OFA/Pennwalt Areas, 
respectively. For workers in the North Site Area, potential upper-
bound lifetime excess cancer risks-were 1 x 10'* for the average case and 
2 X 10"̂  for the RME case. The majority of the potential risk in both 
cases was from vinyl chloride, a known (Group A) human carcinogen. 
For future workers at a buUding in the OFA/Pennwalt Area, the cancer 
risks were 7 x 10"' for the average case and 1 x 10"** for the RME case. 
The non-carcinogenic Hazard Index did not exceed unity for the 
OFA/Pennwalt Area; thus, adverse non-carcinogenic health effects are 
not expected for this exposure. Non-carcinogenic risks were not 
evaluated for the North Site Area, since no volatUe chemicals of 
potential concem with inhalation toxicity factors were detected in 
groundwater in this area. 

Inhalation of Airbome Dusts by Future On-Site Workers. Average and 
RME chronic daily intakes and risk estimates for inhalation of dusts by 
future on-site workers are presented in Tables G-13, G-14, and G-15 for 
the General/Fill, North Site, and OFA/Pennwalt Areas, respectively. 
Risks were calculated separately for each of the three on-site areas, 
although actual exposures would be a combination of risks from the 
three areas due to dust dispersion across the site. Potential average and 
RME lifetime excess cancer risks for the General/FiU Area were 3 x 10'' 
and 1 X 10"*. At the North Site Area, corresponding excess cancer risks 
were 4 x 10"' and 2 x IO"*. 
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For the OFA/Pennwalt area, potential risks were estimated using an 
uiUimited dust emission model. In addition, risks were evaluated using 
two data sets: one which contained the samples taken from surficial 
charcoal materials on the site and one omitting samples from a 
proposed interim source removal action area. The purpose of this 
comparison is to determine the potential future risks if the discrete 
areas of charcoal are remediated. The carcinogenic risks in this area 
are due primarUy to chromium, arsenic, and carcinogenic PAHs. 
Average and RME risks from the four sets of calculations are as 
foUows: 

• UiUimited reservoir model - with charcoal; 5 x 10"* zmd 3 x 10'̂  
• Unlimited reservoir model - without charcoal: 5 x 10"* and 2 x 10'* 

The Hazard Index for total non-carcinogenic health effects exceeded 
unity only for the OFA/Pennwalt area. Average and RME Hazard 
Indices exceeded unity in aU cases. The exceedences were due 
primarily to chromium. 

The risk was associated primarily with chromium. The other two non
carcinogenic indicator chemicals evaluated for airbome dust exposures 
(manganese and mercury) do not have the same toxicological endpoint 
as chromium and thus would not have a cumulative effect on the risk 
from inhalation of chromium. The critical effects of chromium are 
damage to the nasal mucosa (EPA 1991c), whUe manganese and 
mercury have systemic effects on the respiratory system and nervous 
system, respectively (EPA 1991a). 

As noted above, the screening-level empirical models used to estimate 
dust generation produce conservative estimates that are likely to 
overestimate dust emissions and therefore risk, at the property. 

Direct Contact with Soils by Future On-Site Workers. Average and 
RME chronic daUy intakes and risk estimates for direct contact by 
future workers with soils are presented in Tables G-16, G-17, and G-18 
for the General/FiU, North Site, and OFA/Pennwalt Areas, respectively. 
Average and RME excess cancer risks for the General/FiU Area were 
1 X 10' and 2 x 10"*, associated with carcinogenic PAHs and arsenic. 
The Hazard Index was less than unity for both the average and RME 
cases. At the North Site Area, potential excess lifetime cancer risks of 
7 x 10"' and 6 x 10"** were primarily due lo arsenic and PAHs. The 
Hazard Index did not exceed unity for either case. At the 
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OFA/Pennwalt Area, potential cancer risks of 3 x 10"* and 6 x 10"* were 
primarUy associated with PAHs. ff PAH-containing charcoal is removed 
from the site, the risks would faU to 3 x 10"* and 3 x 10'* for the average 
and RME cases, respectively. The Hazard Index did not exceed unity 
for either case. 

Direct Contact with Contaminated Sediments by Future On-Site 
Workers. Average and RME chronic daUy intakes and risk estimates 
for dermal contact and incidental ingestion of sediments in the Pennwalt 
Ag-Chem Ditch and OFA Ditch are presented in Tables G-19 and 
G-20. Potential excess lifetime cancer risks from exposure to Pennwalt 
Ag-Chem Ditch sediments were 2 x 10'' and 2 x 10"* for the average and 
RME cases, due primarily to arsenic, a known (Group A) human 
carcinogen and to carcinogenic PAHs, which are possible (Group B2) 
carcinogens. The Hazard Index for this scenano did not exceed unity in 
either case. Potential excess cancer risks from exposure to OFA Ditch 
sediments were 1 x 10"* and 1 x 10"* for the average and RME cases, 
respectively, also due primarily to arsenic. The Hazard Index for this 
scenario did not exceed unity in either case. 

Potential Risks from Off-Site Groundwater and Surface Water 
Transport 

Ingestion of Fish from Blair and Hylebos Waterways. Average and 
RME chronic daily intakes and risk estimates for persons potentiaUy 
consuming fish from Hylebos and Blair waterways on a regular basis are 
presented in Tables G-21 and G-22, Potential lifetime excess cancer 
risks for ingestion of fish from the Hylebos Waterway were 1 x 10"' for 
the average case scenario and 1 x 10"' for the RME scenario. The 
majority of risk in both cases was due primarily to arsenic. Potential 
excess lifetime cancer risks for ingestion of fish from the Blair 
Waterway were 7 x IO"'" and 8 x 10"* for the average and RME cases, 
respectively. As in the case of the Hylebos Waterway, the majority of 
the cancer risk was due to arsenic. 

The Hazard Index for total non-carcinogenic health effects did not 
exceed one for the average or the RME case in either waterway, 
indicating that adverse non-carcinogenic health effects are not likely to 
be associated with this route of exposure. 

It should be noted that the model used to predict surface water 
concentrations did not incorporate losses from the water column due to 
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precipitation, sedimentation, volatilization, or biological decay, and is 
therefore Ukely to overestimate steady-state concentrations of these 
chemicals both in the surface water and in the fish. 

Qualitative Evaluation of Potential Risks to Trespassers 

Risks to individuals trespassing on the property wUl vary depending on 
the frequency of entry and the extent of contact with site media. Based 
on the risks from inhalation of dusts and direct contact with soils for a 
future on-site worker, a trespasser entering the site a few days per year 
woiUd not be exposed to unacceptable cancer risks from dust inhalation. 
However, a trespasser frequenting the site on a regular basis (e.g., once 
a week) could have some risk under the RME exposure. 

Evaluation of Multipathway Risks for the Blair Backup Property 

Total potential upper-bound lifetime excess cancer risks for a current 
worker at an adjacent industrial faciUty from inhalation of vapors and 
particulates from the Blair Backup property are 1 x 10"' and 7 x 10"' for 
the average and RME cases, respectively. The majority of the risk is 
associated with inhalation of chromium, arsenic, and PAHs in fugitive 
dust from the OFA/Pennwalt Area. Hazard Indices for total non
carcinogenic effects do not exceed unity for total exposure via 
inhalation. Exposures from inhalation of vapors and from ingestion of 
fish from the Hylebos or Blair waterways (assuming that these are 
consumed by industrial workers) do not contn'bute substantially to the 
total carcinogenic or non-carcinogenic n'sk. 

Average and RME total potential lifetime excess cancer risks to workers 
in a future conmaercial or industrial facUity in the OFA/Pennwalt area 
are 3 x 10"* and 6 x 10"*, asstmiing that charcoal materials are not 
removed from the site, ff charcoal materials are removed, the total 
potential average and RME risks would be 9 x 10"* and 5 x 10'*. These 
risks are due primarily to direct contact with carcinogenic PAHs and 
arsenic in surface soils. The Hazard Index for total non-carcinogenic 
effects exceeds unity for both the average and RME cases. The 
majority of the non-carcinogenic hazard is due to inhalation of total 
chromium in dust. Direct contact with sediments and inhalation of 
vapors in indoor air did not contn'bute significantly to the carclnogemc 
or non-carcinogenic risk. 

Page G-17 



•'iiiiiii 

Hart Crowser 
J-2350-07 

Average and RME total potential lifetime excess cancer risks to workers 
in a future commercial or industrial faciUty in the General/FiU Area are 
4 X 10' and 3 x 10"*. These risks are due primarily to inhalation of 
hexavalent chromium in dust and direct contact with carcinogenic PAHs 
in soU. The Hazard Index for total non-carcinogenic effects did not 
exceed unity for either case. 

Average and RME total potential lifetime excess cancer risks to workers 
in a future commercial or industrial facility in the North Site Area are 
1 X 10* and 3 x 10"*, These risks are due primarily to inhalation of vinyl 
chloride emitted from groimdwater. The Hazard Index for total non
carcinogenic effects did not exceed unity for either case. 

Total potential Ufetime excess cancer risks to off-site residents from 
ingestion of fish are estimated to be approximately 1 x 10"' for the 
average case and 1 x 10"' for the RME case. No other exposure 
pathways were identified for residents that would result in an increase 
in the multipathway risk. 

Uncertainties in the Human Health Risk /issessment 

The procedures and inputs used to assess potential human health risks 
in this evaluation are subject to a number of uncertainties. General 
areas in which uncertainties are introduced into the risk estimates 
include: 

• Environmental chemistry sampling and analysis; 
• Environmental parameter measurements; 
• Fate and transport modeling; 
• Exposure parameter assumptions; and 
• Toxicological data and dose-response extrapolations. 

Uncertainty in environmental chemistry sampUng and analysis can stem 
from the procedural ertor coUection of an inadequate number of 
samples to arrive at sufficient areal resolution, or from the 
heterogeneity of the matrix being sampled. Data vaUdation procedures 
were applied to the Blair Backup property data to demonstrate that the 
precision and accuracy of the data are within acceptable limits. In 
general, the measurement variabUity of the chemical analyses is a minor 
contributor to the total uncertainty of the n'sk assessment, since quaUty 
control measures assure that the reported value is within a factor of two 
or less of the tme value. Heterogeneity of the medium is generally a 
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larger contributor to the total uncertainty, particularly for soUs. The 95 
percent confidence limit of the mean was used in this assessment in 
order to assure that concentrati'ons are not underestimated. The 
comparatively few samples coUected from each area of the Blair Backup 
property produced high standard deviations and therefore a high 95% 
CL. This value is Ukely to overestimate the true 95% CL of the 
concentration distn'bution and to therefore overestimate risks at the site. 

AU chemicals of potential concem were not analyzed in aU media. For 
example, soU samples were not analyzed for formaldehyde, and certain 
inorganics (e.g., molybdenum) were only analyzed in a smaU number of 
groundwater samples. Selected data analysis could result in some 
underestimation of risk from the soU contact, dust inhalation, and fish 
ingestion exposure routes. 

A moderate degree of uncertainty is associated with the characterization 
of soU contamination at the Blair Backup property. Samples which 
were collected from discrete waste pUes in the General/FiU and OFA 
Pennwalt Areas were not included in the estimate of exposure point 
concentrations, because removal of these pUes wiU be included in the 
land transfer agreement. Therefore, cunent risks from dust inhalation 
may be underestimated since higher concentrations of metals from sand
blast grit material is not reflected in the risk estimates. However, these 
pUes are Umited in extent and the impact of releases from these pUes is 
expected to be minor. 

Some of the soU samples which were used to calculate exposure point 
concentrations may have been impacted by waste materials dispersed by 
wind from the sandblast grit pUes. Thus, the average and 95% CL may 
not be representative of site soUs and may overestimate risks from soU 
contact and fugitive dust inhalation. 

Chemicals of potential concem were selected based on concentration, 
comparison to background levels, and avaUable toxicological 
information. Chemicals that were not selected may contribute to the 
overaU toxicity at the site, and as a result total site risk may be 
underestimated. However, the impact on the risk estimates is expected 
to be low, since the majority of chemicals detected at the site, and aU 
known (Group A) human carcinogens, were selected for consideration. 
A toxicity/concentration screening procedure was used to ensure that 
the chemicals selected represent at least 95 percent of the nominal 
hazard associated with each contaminated medium. 
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Absence of environmental parameter measurements contributes to 
uncertainty. Estimates must therefore be made based on Uterature 
values, regression equations, extrapolations, mathematical models, and 
best professional judgment. In estimating the mass of VOCs present in 
soils that could volatilize to ambient air, a soU organic carbon content of 
3 percent was assumed as a very conservative value in the absence of 
site-specific information. This assumption may lead to overestimation of 
exposures to VOCs. 

Environmental modeling contributes to the uncertainty in the risk 
assessment by incorporating simpUfying assumptions as to the behavior 
of contaminants in the environment. An attempt was made in this risk 
assessment to use assumptions that would lead to conservative 
estimation exposure point concentrations. 

In modeling emissions of VOCs from shallow groundwater to air, it was 
assumed that all VOCs present in groundwater wiU volatUize within a 
ten-year period. This assumption is likely to underestimate short-term 
exposures (i.e., those occurring in the first few years of exposure) but is 
expected to provide a conservatively high estimate of chronic exposures 
averaged over the exposure period. 

The assumption that a future building constructed on the Blair Backup 
property wUl have a gas-permeable floor is a highly conservative 
assumption. Use of common construction techniques which would be 
reasonably expected to be used on site, such as a vapor barrier, would 
reduce risks from this pathway substantially. 

Assumptions incorporated into the fugitive dust emissions model are 
likely to overestimate exposures from this pathway. Use of SCREEN to 
model off-site air concentrations of dusts and vapors is expected to 
provide a high degree of overestimation of risks. This model assumes 
worst-case meteorological conditions. 

In modeling potential exposures from chemicals transported to the Blair 
and Hylebos waterways, the assumption was made that concentrations 
in groundwater will remain constant over a lifetime of exposure. In 
actuality, depletion of the source via leaching, volatilization, and 
biological transformation may decrease concentrations of contaminants 
in the groundwater within a shorter time period. In addition, the model 
used to calculate surface water concentrations is conservative, since it 
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assumes that chemicals will not be removed from the water column by 
volatUization, biological decay, sedimentation, or other processes. '^^' 

There are inherent uncertainties in determining exposure parameters. 
For example, there are uncertainties in estimating the likelihood of an 
individual contacting contaminants at the site, the frequency of contact, 
and the period of time over which such exposures would occur. All 
exposure estimates made in this assessment are based on conservative 
assumptions about human activity patterns in the site area, not on direct 
observations of the behavior of specific individuals or populations. 
Exposure is expected to vary widely among individuals. 

Assumptions that were made regarding the oral and dermal absorption 
of chemicals from soil may overestimate or underestimate risks. In 
general, conservative assumptions were made for those chemicals where 
experimental data were not avaUable from the literature to estimate 
absorption. However, the oral absorption of PAHs from soU was 
estimated based on analogy to TCDD, due to the similar physico-
chemical properties of the two groups of compounds. This assumption 
could possibly underestimate risk if the extent of absorption in the study 
used to establish the toxicity of PAHs (chemical applied in a food 
medium) is different from that in the TCDD study (chemical appUed in 
com oU). If an absorption for PAHs of 100 percent from soU were 
assumed rather than 50 percent, risks for some scenarios would increase 
by a factor of 2 or less. 

Assumptions were also made regarding the inhalation absorption of 
PAHs which may underestimate risk. A 50 percent absorption factor 
for inhalation of PAHs adhered to soil particles was assumed. Use of a 
higher absorption estimate such as 100 percent, would result in a risk 
estimate tsvice as high. 

Carcinogenic risk from dermal absorption of PAHs was not evaluated 
quantitatively in the assessment because these compounds are known to 
exhibit their carcinogenic effect at the point of contact. Use of an oral 
toxicity factor is not appropriate for such chemicals and EPA has not 
developed dermal toxicity factors. Therefore, the total carcinogenic risk 
from dermal contact with soUs and sediments may be underestimated in 
this assessment. 

Toxicological data are a large source of uncertainty in this risk 
assessment. The results of animal studies are often used to predict the 
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potential health effects of a chemical in humans. Extrapolation of 
toxicological data from animal tests is one of the largest sources of 
uncertainty in a risk assessment. There may be important, but 
unidentified, differences in uptake, metaboUsm, and distribution of 
chemicals in the body between the test species and humans. Typically, 
animals are administered high doses of a chemical in a standard diet. 
Humans, on the other hand, may be exposed to much lower doses in a 
highly variable diet. In these studies, animals, usually laboratory 
rodents, are exposed daily to the chemical agent for various periods of 
time up to their 2-year lifetime. Humans have a 75-year lifetime and 
may be exposed either intermittently or regularly for an exposure period 
ranging from months to a fuU lifetime. Even if studies in humans are 
avaUable, uncertainties can be large because the diet, activity patterns, 
exposure duration and frequency, and individual susceptibility may not 
be the same in the study populations as in the individuals exposed to 
environmental concentrations. 

Cancer potency factors used in this assessment are generally upper-
bound estimates of risk. Actual risks are not likely to be higher than 
these esti'mates, but could be considerably lower, and could even be 
zero. This is an important factor contributing to the conservative nature 
of the risk assessment procedures used in this report. 

Summation of cancer risks for chemicals with different weight of 
evidence classifications increases the uncertainty in the risk analysis. 
For this assessment, potential cancer risk from inhalation of chemicals 
volatUizing from shallow groundwater and particulates in fugitive dust 
were due primarily to vinyl chloride, benzene, arsenic, and chromium 
(VI), which are known (Group A) human carcinogens. Thus, Uttie 
uncertainty was contributed to the risk assessment by these toxicity 
factors. However, carcinogenic PAHs, which also contributed 
significantly to the overall risk, are in Group B2, and a higher degree of 
uncertainty is associated with these toxicity factors. 

Non-carcinogenic toxicity factors (RfDs or RfCs) are derived by EPA by 
multiplying a lowest observed adverse effect level (LOAEL) or no 
observed adverse effect level (NOAEL) by uncertainty and modifying 
factors. The RfCs for inhaled trivalent and hexavalent chromium have 
an associated uncertainty factor of 300 (EPA, 1990), meaning that the 
RfC is set at a level 300 times lower than the LOAEL from the 
epidemiological study on which the RfC was based. Therefore, the RfC 
may overestimate the toxic effects of exposure to chromium by as much 
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as 300 times. Uncertainty factors for other indicator chemicals range 
from 1 to 10,000. W 

Inhalation toxicity factors have not been developed by EPA for- most of 
the chemicals of potential concem at the site, and the risks associated 
with inhalation of these chemicals were not evaluated in this assessment. 
Therefore, risks from inhalation exposures may have been 
underestimated. No inhalation RfD was available for non-carcinogenic 
PAHs; thus, risks from inhalation of fugitive dusts from the 
OFA/Pennwalt Area may have been underestimated. 

Emissions of Volatile Organic Chemicals from Grouruiwater 

Emissions of volatile organic chemicals (VOCs) from shallow 
groundwater into the ambient air were estimated by using the 
conservative assumption that the entire mass of each chemical cunently 
present in the shaUow aquifer wiU volatUize to the air during the 
shortest exposure period considered for the scenario (10 years for 
industrial exposures). The estimated total mass of each volatUe 
chemical was divided by the number of seconds in a 10-year period, to 
obtain a chemical-specific emission factor, in mg/sec. 

The mass of each VOC of potential concem present in the shaUow 
aquifer was estimated by assuming that the groundwater wdthin each site 
area is uniformly contaminated with the average or 95% CL 
concentration of the chemical. The masses of VOCs present in water 
(M^) and adsorbed to soil (MJ were calculated using the foUowing 
equations: • 

H . = C, * A * b * Pr * CONV, 
Where 

M„ = mass of chemical in water phase in mg, 
C^ = average or 95% CL concentration in groundwater in 

mg/L, 
A = surface area of site in m~, 
b = average saturated thickness of aquifer in m, 
PT = total porosity, unitiess, and 
CONV, = conversion factor - 1,000 L/m^ 

and 
M3 = C^ * A * b * B* (l-pi-) * KD * CONV, * CONV3 

Where 
Mj = mass of chemical in soil phase in mg, 
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Q, = average or 95% CL concentration in groundwater in 
mg/L, 

A = surface area of site in m^ 
b = average saturated thickness of aquifer in m, 
B = bulk density of aquifer material in g/cm', 
Pr = total porosity, unitiess, 
Kj = soU/water distribution coefficient in L/kg, 
CONVj = conversion factor - 0,001 kg/g, and 
CONV3 = conversion factor - 10* cm/m^. 

Distn'bution coefficients (K^s) for the chemicals of potential concem 
were estimated from Uterature values of the sofl organic carbon 
coefficient (K^̂ ) using the formula: 

' K j = Ko<. * fOJ 

where (^ is the fraction of organic matter in the soU, SoU organic 
carbon contents have not been measured at the site and are expected to 
be highly variable, due to the wood debris and other organic materials 
incorporated into the surface soils. A f̂  of 0.03 (3 percent) was used in 
the assessment as a conservative estimate of the mean f̂^ in shaUow 
aquifer soUs. 

Masses of each chemical present in groundwater in the North Site and 
Ohio Feno-AUoy/Pennwalt Areas are shown in Table G-23. 
Volatilization was not estimated for the General/FiU Area since the only 
volatUe chemical of potenti'al concem detected was toluene, which was 
detected at a low level (9 /xg/L) in only one of 14 monitoring weUs in 
this area. Based on this fact, it was concluded that groundwater within 
the General/FiU Area generaUy is not contaminated by volatUe orgam'c 
compounds. 

Emissions of Fugitive Dusts from Surface Soils via Wind Erosion 

Emissions of fugitive dusts from surface soUs were estimated using a 
conservative empirical model developed by Cowherd et al. (1985) to 
predict wind erosion of respirable particulates of less than 10 ^m 
diameter (PM,o) from surface soils. The first step in estimating PM,o 
emissions is the classification of the soU surface as having either a 
'limited reservoir" or and "unlimited reservoir" of erodible particles. 
Different equations are used to determine the wind erosion from these 
two classes of soU surfaces. Based on the particle size distn'bution tests 
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presented in Appendix A more than 60 percent of surface sofls feU into ; 
the < 1 mm size range. By this criterion, soUs at the Blair Backup 
property should be analyzed by the "unlimited reservoir" model 
(Cowherd et al., 1985). The equation for this model is as foUows: 

Eio = 0.036 * (1-v) * ([uj/uj^ * F(x) * CONV * r365-P) 
365 

Where 

Ejo = PMjo emission factor, i.e., annual average PMj^ 
emission rate per unit area of contaminated surface in 
gm/m^-sec, 

V = fraction of surface covered by a combinati'on of 
vegetation, ponded water, buUdings, and pavement 
(equals 0 for bare soil), 

[u] = mean annual wind speed in m/sec, 
û  = threshold value of wind speed at 7 m in m/sec, 
X = 0.886 u, /[u], dimensionless ratio, 
F(x) = function plotted on Figure 4-3 of Cowherd et al., 

(1985), 
P = number of days per year with precipitation exceeding 

0.01 inch, and 
CONV = conversion factor, 3600 sec/hr. 

Entrainment of particles into a'ir is dependent on wind speed. For a 
given sofl type there is a threshold wind velocity which must be attained 
to initiate entrainment. This threshold velocity can be estimated from 
the mode of the particle size distn'bution of the surface materials. The 
mode of the distribution was estimated by averaging the D50 values from 
four surface soU samples from the North Site, Ohio Ferro-
AUoy/Pennwalt and General/FiU Areas, which are presented in 
Appendix B. These D^ values ranged from 0.33 to 0.39 mm and had 
an arithmetic mean of 0.36 mm. A fifth sample taken in the North Site 
Area had a D50 of 0,06 mm .- this fine-grained material does not appear 
to be representative of site soUs and was not included in the average. 
Other values and assumptions used in the Cowherd model are 
summarized in Table G-4. 

To obtain the chemical-specific PM,o emission rate due to wind erosion, 
Qc the PM,o emission factor is multiplied by the weight fraction of the 
chemical measured in sofl: 
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Q = WF * E 10 

Where 

Qc = emission flux of contaminant in mg/m^-sec, 
WF = weight fraction of chemical in sofl in mg/mg, and 
E,o = PM,o emission rate due to wind erosion in mg/m^-sec. 

Wirul Dispersion of Dusts and Vapors to On-Site and Off-Site Receptors 

The EPA-approved SCREEN computer dispersion model was used to 
estimate the downwind concentrations of contaminants emitted from the 
affected area. SCREEN is by definition a worst-case screening tool. Its 
algorithm automaticaUy selects the worst-case dispersion conditions 
related to the distance from the emission source. The agencies have 
accepted that SCREEN will always predict higher downwind impacts 
than would actuaUy occur. 

The foUowing assumptions were used to estimate the downwind 
concentrations: 

• The area sources are modeled as square areas; 

• The emission release height is zero (ground surface); 

• Receptor height is 1.5 meters; and 

• Worst-case receptors are placed at the downwind edge of the 
emission area. 

SCREEN predicts the worst-case one-hour impact. The calculated 
1-hour ambient concentration produced by SCREEN is adjusted for the 
worst-case annual average by multiplying by a 0.15 scaling factor. That 
factor is mandated by Puget Sound Air PoUution Control Agency for 
use in modeling the unpads of toxic air pollutants. 

Indoor Vapor Concentrations - Future Commercial/Industrial Facility 

Emissions of VOCs from on-site groundwater were estimated using the 
procedure described above. A one-compartment model of sofl gas 
infiltration was used to estimate indoor air concentrations of VOCs 
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within a future industrial or commercial building located on the Blair 
Backup property. This model assumes that the infiltrating gas is 
uniformly and instantaneously mixed within the entire air space of the 
buflding. The indoor air concentration is the ratio of the infiltration 
rate and the rate at which indoor air is exchanged with outdoor air. 

The concentrations of VOCs m indoor air due to entry of sofl gas into a 
buflding depend on the flux of VOCs from the sofl, the floor area and 
volume of the buflding, and the rate of air exchange between indoor 
and outdoor air. Much of the information on sofl gas infiltration is 
derived from research on radon migration into residences. Models 
developed for predicting radon migration may be adopted to estimate 
transport of volatUe orgamcs, by omitting terms related to radioactive 
decay. Indoor air concentrations may be estimated using the foUowing 
model: 

j ^ ^ _ _ i Q c * A * F ) 
(ACH/3600) 

Where 

LAC = indoor air concentration in mg/m^ 
Qj = chemical flux from sofl gas in gm/m"-sec, 
A = area of crawlspace in m^ 
F = fraction of soil gas flux entering buflding, 
ACH = air changes per hour in hr"', 
3600 = seconds/hour, and 
V = volume of air in buUding in m .̂ 

The rate of soil gas infiltration into a hypothetical industriial or 
commercial stmcture buflt on the site would depend on the type of 
stmcture, the constmction materials and methods, and on factors 
relating to buflding usage (e.g., heating, ventilation). Bufldings with 
basements and crawlspaces tend to exhibit the highest infiltration rates 
(MueUer et al., 1988); however, these types of construction are currently 
not Ukely to be used in new constmction, given the shaUow water table 
in the area. However, risks associated with a permeable floor buflding 
wiU be evaluated in order to provide a conservative estimate of 
potential maximum risks. 
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The stmcture was assumed to be a buUding constructed over a 
perimeter foundation with a gas-permeable floor. The area of 
infiltration of this buUding was assumed to be the total floor area minus 
a 1-meter-wide perimeter waU, which equals 2,300 m .̂ The air 
exchange rate, expressed as the number of air changes per hour (ACH), 
is a function of temperature and pressure differences between the 
indoor and outdoor air and the tightness of the stmcture. ACHs for 
retrofitted energy-efficient stmctures generaUy have ACHs between OJ 
and 0,8, and may be as low as 0.2 for new constmction (MueUer, 1988). 
An ACH of 0.2 was used to provide a conservative estimate of indoor 
air concentrations. Values used in the indoor air model are 
summarized in Table G-4. 

Surface Water Concentrations: Blair and Hylebos Waterways 

Concentrations of the chemicals of concem in Hylebos and Blair 
waterways were estimated based on measured concentrations in on-site 
groundwater within the General FiU, Ohio Ferro-AUoy/Pennwalt, and 
North Site Areas, the hydrologic properties of the ShaUow Aquifer, and 
the directions and rates of flow from each of the three areas into the 
ditches bordering the property. 

The arithmetic mean and 95% CL of on-site groundwater 
concentrations were used for the average and RME scenarios, 
respectively. Maximum concentrations were used in place of the 95% 
CL for those chemicals detected in two or fewer samples. 

Aquifer hydrologic properties and flow directions were estimated from 
slug tests of the Shallow Aquifer at the Blair Backup property and from 
water level measurements made in September 1990 and m January and 
Febmary 1991. Based on these data, the foUowing flow paths were 
identified by which groundwater could discharge into the Blair or 
Hylebos waterways: 

Blair Waterway: North Site Area to wetland to Reichhold S 
Ditch 
General/Ffll Area to Reichhold S Ditch 
OFA/Pennwalt Area to Reichhold S Ditch 
Intermediate Aquifer to Blair Waterway 
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Hylebos Waterway: North Site Area to Taylor Way drain 
OFA/Pennwalt Area to Taylor Way drain ''^^' 
Intermediate Aquifer to Hylebos Waterway 

Contiributions to surface water concentrations from the Intermediate 
Aquifer were not evaluated because the flat gradients observed in this 
aquifer make evaluating flows highly uncertain. With the exception of a 
few inorgam'cs, concentrations of indicator chemicals are generaUy low 
or nondetected in this aquifer and this source is not likely to contn'buted 
significantiy to exposures from fish consumption. 

Row rates for the flow paths were calculated using Darcy's Law: 

Q = K M * A 

Where 

Q = flow rate into ditch in m/sec, 
K = hydrauUc conductivity in m/sec, 
i = hydrauUc gradient in m/m, and 
A = cross sectional area of aquifer (width x thickness) in m^ 

Values of hydraulic gradient, aquifer width and thickness, and hydrauUc 
conductivity for each of the flow paths are summarized in Tables 4 and 
5 of the main report text. The flow rate for each flow path (in 
Uters/sec) was multiplied by the average or 95% CL concentration in 
the groundwater (in mg/L) to obtain the amount of chemical (in mg/sec) 
entering the ditch from that area of the site. Chemical masses from aU 
surface water sources discharging to a particular waterway from the site 
were summed to obtain the total chemical loading (in mg/sec) entering 
that waterway. 

Concentrations of chemicals in the Blair and Hylebos waterways near 
the ditch discharge points were estimated by modeling the dfluti'on of 
contaminants within a longitudinal cross section of the waterway. The 
length of the two cross sections were assumed to equal the length of the 
property boundary parallel to the waterway, 740 m. The estuary widths 
were approximately 110 m for the Blair and 120 m for the Hylebos. 

Mixing factors for the two waterways were calculated using the ti'dal 
exchange analysis procedure described by Fischer et al. (1979). This 
procedure estimates the extent of dilution from tidal flow, river flow, 
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and waste effluent flow as a function of the flow rates and dimensions 
of the waterway. The total flow available for dfluting the effluent is: 

Q, = Qo + Qe + Q, 

Where 

Qj = total flow entering the cross section in m /̂hr, 
Qo = circulating flow of ocean water in m'/hr, 
Q, = effluent flow mto waterway in m /̂hr, and 
Of = tributary discharge from upstream in m /̂hr. 

The tributary discharge, Qf, was assumed to be negUgible compared 
with the ocean flow. This is a conservative assumption and wiU result in 
a higher estimate of surface water concentrations than if creek flows 
were considered. The effluent discharge, Q ,̂ was calculated by 
summing the average groundwater discharge rates for the flow paths 
Usted above. The ocean flow, Q ,̂ was computed using the foUowing 
relationship (Fischer et al., 1979): 

Q = R * PA" 

Where 

R = tidal exchange ratio of waterway, unitless, 
P = volume of the tidal prism in m^ per diumal cycle, and 
T = duration of diumal tidal cycle in hours. 

The tidal exchange ratio is the fraction of water entering an estuary 
during a tidal cycle that is "new" ocean water, compared to the total 
volume of water entering from aU sources, including water that had left 
the estuary on the previous tidal cycle. The tidal exchange ratio has not 
been measured for the Blair or Hylebos waterways; however, a ratio of 
0.5 is characteristic of small estuaries in the Puget Sound area (Nece et 
al., 1975) and wiU be used in this evaluation. 

The tidal prism (P) is the difference in the volumes of water contained 
within the estuary between the mean high water elevation and the mean 
lower low water elevation, and is calculated by multiplying the diumal 
tidal range (in m) by the estuary surface area in m^ The diumal tidal 
range in Commencement Bay is approximately 4 m (Ebbesmayer, 1986). 
Mean surface areas of the Blair and Hylebos estuaries within the 
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longitudinal cross sections defined by the property boundaries were 
estimated from topographic maps. The duration of the diumal tidal 
cycle (T) in Commencement Bay is 24.84 hours (Ebbesmayer, 1986), 

The mean concentration of effluent near the point of discharge was 
estimated from: 

C, = M/Q, 

Where 

M = discharge rate of contaminant in mg/hr. 

This procedure estimates the average concentration within the cross 
section; levels would be higher in the immediate vicinity of the ditch 
outflow. However, fish are not likely to spend a significant fraction of 
their Uves adjacent to the outfaU; therefore, average surface water 
concentrations are suffidently conservative for the risk assessment. In 
addition, processes that would lead to removal of the contaminants from 
the water column, such as precipitation, sedimentation, volatilization, 
and biological decay, are not considered in this approach. Therefore, 
this approach is likely to overestimate risks from the fish consumption 
pathway. 

'•^m'' 

Corwentrations in Fish 

Concentrations of chemicals of potential concem in fish from the Blair 
and Hylebos waterways were estimated by assuming that an equiU"brium 
wiU be reached between the surface water concentrations calculated 
above and the edible tissues of the fish, Equih'brium concentrations in 
the fish were calculated with the equation: 

Q = CL * BCF 

Where 

Cf = Concentration in fish edible tissue in mg/kg, 
CL = Concentration in waterway in mg/L, and 
BCF = Bioconcentration factor in IVkg. 

Bioconcentration factors recommended by Ecology (PTI, 1989) were 
used in this report if available. For those chemicals for which Ecology 
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has not provided a value, a factor was obtained from the Uterature for a 
j marine species appropriate to the ecosystem under consideration, if 
*̂'-̂**̂  available. Otherwise BCFs were estimated based on the octanol/water 

partition coefficients of the chemical (for organics). BCFs used in this 
scenario, and the sources of these values, are shown in Table G-5. 
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Table G-1 - Summary of Blair Backup Property Exposure Factors 

Exposure Factor 

1. Dermal contact and incidental ingestion of soil 
and sediment (future on-site woricer) 

a) Exposed skin surface area 

b) Dermal absorption 
- metals 
-CPAHs/ 
- other organics 
- NCPAHs 

c) Skin contact rate 

d) Ingestion rate 

e) Oral absorption from soil 
(relative to intake in water or diet) 
-PAHs 
- other chemicals 

£) Exposure duration 

g) Exposure frequency 
- soils 
- sediments 

h) Body weight 

2. Inhalation of vapors and particulates (off-site and 
future on-site workers) 

a) Inhalation rate 

b) Absorption rate 
-vapors 
- particulates 

3. Ingestion of Fish (residents) 

a) Ingestion rate 

b) Exposure duration 

c) Exposure ficquency 

d) Body weight (0 - 6 yrs) 
(6 - 1 8 yrs) 
(18 - 75 yrs) 

Units 

cm* 

percent 

mg/cm* 

mg/day 

percent 

years 

percent 

. kg 

m'/day 

by wt. 

gm/day 

years 

diet fraction 

kg 

Average 
Condition 

3000 

0.1 

• 
50 
13 

0.6 

100 

25 
100 

10 

24 
5 

70 

43 

100% 
(see ingestion of 

soils) 

30 

9 

20% 

15 
none 

70 

RME Condition 

1900 

1 
• 

50 
20 

0.9 

50 

50 
100 

25 

68" 
10 

70 

20 

100% 
(see ingestion of 

soils) 

140 

30 

100% 

15 
none 

70 

Note: '250/365 days per year 
'Risks associated with dermal absorption of CPAHs were not evaluated quantitatively. 
Source: average industrial exposure factors - EPA Region 10 (1990), RME industrial exposure factors - EPA Region 10 (1991). 
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Table G-2 - Summary of Non-Carcinogenic Toxicity Factors for Blair Backup Property Indicator Chemicals Page 1 of 2 

C H E M I C A L 

O R G A N I C C H E M I C A L S 

1 BCOZCDC 

Bi>(2-e(l iylbciyl)pblhaUu 

P A H t • •OB.c«rciao|CBic(d) 

T o l u e n e 

1 Vinyl chlor ide 

Xylenes 

I N O R G A N I C C H E M I C A L S 

Aol imony 

Anenic 

Beiylliun 

Cadoium 

Ckromium (III) 

Chromlnm (VI) 

Copper 

Lead 

(waler) 

(food) 

ORAL EXPOSURE 

Chronic Oral 

RfD in mg/kg-day 

ND 

0.02 

o.<m 

0.2 

ND 

2 0 

4 X 10^ 

3 x 1 0 ^ 

Sxiff* 

5x10-* 

1 X 10* 

1.0 

5 X 10 * 

0.037(e) 

ND 

Uncerta 

Modify 

Faclon 

inly/ 

ng 

1000/1 

0.000/" 

1000/1 

100/1 

1000/1 

3/1 

lOO/l 

10/1 

10/» 

100/10 

500/1 

../.. 

Cril ical Effect/Organ 

System 

liver 

decreased body welghl gain 

liver, kidney 

body w l , moru l i l y 

reduced longevity, blood 

keralosis/hyper-pigroenlalion 

none 

renal 

renal 

no effecu 

no e t fecu 

local G I irr i tat ion 

CNS 

Ref. 

(•) 

(b) 

(a) 

(a) 

(») 

(a) 

(a) 

(a) 

(») 

(•) 

(a) 

(b) 

(b) 

I N H A L A T I O N E X P O S U R E 

Chron ic 

Inhalat ion RfD 

in mg/kg-day 

6 x 

6 x 

ND 

ND 

ND 

0.6(c) 

ND 

0.9(c) 

ND 

ND 

ND 

ND 

lO ' (c ) 

lOV) 

ND 

ND 

Uncer ta inly/ 

Modifying 

F a c t o n 

Crit ical 

Effect/Organ 

System 

1 0 0 / - C N S 

IOO/-- C N S 

300 nasal n v c o s a 

a t rophy 

300 na ta l muooaa 

at rophy 

CNS 

Ref. 

(b) 

(b) 

(b) 

(b) 

(b) 

m 
cn 
1 

4 ^ 

I m 
N> I-t 
l*J r t 
Ln 

0 n 
1 > ^ 

° 2 
01 
(P 



Table G-2 - (Continued) Page 2 of 2 

CHEMICAL 

'Manganese 

Mcruiiy - inorgsBic 

1 MolybdcBUffl 

Nickel 

II "̂̂  

ORAL EXPOSURE 

Chroaic Oral 

RfD in mg/kg-day 

O.i 

3 x 1 0 ^ 

4 X 10 ' 

0.02 

0 2 

Uncertainty/ 

Modifying 

Facton 

l/l 

1000/" 

1/" 

100/3 

10/--

Crilical Effect/Organ 

System 

no effect 

kidney 

biochemical changes 

decreased body/ 

organ weight 

blood 

Ref. 

W 

(b) 

(b) 

(•) 

(b) 

INHALATION EXPOSURE 

Chronic 

Inhalation RfD 

in mg/kg-day 

I X IO"'(c) 

9 X 10'(c) 

ND 

ND 

ND 

UncerUinly/ 

Modifying 

Facion 

CriUcal 

EffeclOrgiB 

System 

300/3 Respiratory/ 

psychomotor 

effecu 

30 Bcnroloxicily 

Ref. 

<•> 

(b) 

FOOTNOTES: 

(a) Verified Refercacc Dose - IRIS; EPA Integrated Risk Information System (EPA, 1991a). 

(b) EPA Heahh Effecu Assessmeni Sammary Tables, 1991 (EPA, 1991b). 

(c) Derived from aa lahalalioa RfC ia mg/m' by assumiag exposure lo 20 m'/day by a 70-kg individual. 

(d) NOB-carcinogenic effecu of PAHs were evaluated by assuming Ihal toxicity of all non-carcinogenic PAHs it equivalent lo most toxic chemical ia group • aaphtfcaleae. 

(e) Calculated from the EPA driakiag waler staadard of 1.3 mg/liler (EPA, 1991b) assuming ingestion of 2 liten of water/day by a 70-kg individual. The Drinking Waler Criieria document concluded that 

toxicity data for copper were inadequate for calculation of an RfD. 

ND No toxicity factor available at this (ime from EPA-vcriried sources. 

CNS Ceatfal nervous system effecU. 

I 

Ol 

(-> 
1 

t^o 
U) 
l-n 
O 
1 
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PQ 
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Table G-3 - Carcinogenic Toxicity Factors for Blair Backup Property Indicator Chemicals Page 1 of 2 

1 ^ 

OQ 

o 
I 

0^ 

CHEMICAL 

ORGANIC CHEMICALS 

Benzene 

Bis(2-elhylheJ^I)phlhalale 

PAHt - carcinogenic (d) 
- Benzo(a|pyrene 

Toluene 

Vinyl chloride 

Xylenes 

INORGANIC CHEMICALS 

Antimony 

Anenic 

Beiylliua 

Cadmium 

Chromium (III) 

Chromiaai (VI) 

Copper 

Lead 

Manganese 

Mercuiy 

Molybdenum 

ORAL CARCINOGENESIS 

Oral 

Slope 
Factor 

in (mgflLg-day)' 

0.029 

0.014 

II.S 

ND 

1.9 

ND 

ND 

2(«) 

4.3 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

CAG 

Group (a) 
Type of Cancer/ Basis 

A leukemia 

82 liver 

82 stomach 

D 

A lung 

D 

A skin 

82 total lumon 

D 

82 

D 

D 

Ref. 

(b) 

(b) 

(c) 

(c) 

(c) 

(b) 

(b) 

(b) 

(0 

(b) 

(b) 

INHALATION CARCINOGENESIS || 

Inhalation Slope 

Factor 
in (mg/kg-day)' 

0.029 (g) 

ND 

6.1 

ND 

0.295 (g) 

ND 

ND 

5 0 ( 0 

8.4 

6 1 (X) 

ND 

41(g) 

ND 

ND 

ND 

ND 

ND 

CAO 

Group 

(•) 

A 

82 

B2 

D 

A 

D 

A 

82 

Bl 

A 

D 

82 

D 

D 

Type of Cancer/ 
Basis 

leukemia 

respiratory UacI 

liver 

lungAkin 

U . g 

respiratory tract 

lung 

Ref. 

(b) 

(<=) 

W 

(c) 

(«=) 

(b) 

(<=) 

(b) 

(b) 

(b) 

(c) 

(b) 

(b) 
t-H W 
I (u 

N> H 
LO r t 
Ln 
O O 
I <-l 

O O 
--J € 

(n 
n 



Table G-3 - (Continued) Page 2 of 2 

CHEMICAL 

Nickel • soluble salu 

Nickel - renneiy dusU 

Zinc 

ORAL CARCINOGENESIS 

Oral 

Slope 

Factor 

in (mg/kg-day)' 

ND 

ND 

ND 

CAG 

Group (a) 
Type of Cancer/ Basis 

D 
I I 1 a 

Ref. 

(b) 

INHALATION CARCINOGENESIS 

Inhalation Slope 

Factor 

in (mg/kg-day)' 

CAO 

Oroup 

(«) 

1>pe of Cancer/ 

Basis 

ND 

0.84 A rcspiraloiy uaci 

ND D 

Ref. 

(b) 

FOOTNOTES 

(•) 

(b) 

(c) 

(<1) 

(«) 

(0 

(t) 

Cancer Assessment Group (CAG) Weight of Evidence groups for carcinogens: A • Human Carcinogen, tufficieni evidence from human epidemiological studies; Bl - Probable Human Carcinogen, limited 

evidence from epidemiological studies aad adequate evidence from animal studies; Bi - Probable Human Carcinogen, limited evidence of carcinogenicity in humans; 82 • Probable Human Carcinogen, 
inadequate evidence from epidemiological studies and adequate evidence from animal studies; C - Possible Human Carcinogen, limited evidence in animaU with inadequate or no human data; D - Not 
Classified as to human carcinogenicity; and E • Evidence of Noncarcinogenicity in humans. 
Verified Reference Dote • EPA Integrated Risk Information System (IRIS), EPA, 1991a. 

EPA Health EffecU AsscumenI Summaiy Tables, 1991 (EPA, 1991b). 
Carcinogenic effecU of PAHs were evaluated by assuming ihal all PAHs with known or potential carcinogenic effecu are equal in potency lo benzo(a|pyreBe. 
Arsenic oral slope factor of 2 (rounded off from I.7S) was calculated from a unit risk of 3 x 10 ' /ig/L (EPA, 1991b) assuming ingestion of 2 L/day by a 70-kg individual. Thu unit risk has been proposed 
by the Risk Assessment Forum bul has not yel been accepted by the Science.Advitoiy Board or entered into HEAST or IRIS (EPA, 1991a). 
Arsenic inhalation slope factor of 50 was calculated from an inhalation unit risk of 4.3 x 10' /<g/m' (EPA, 1991) using aa inhalation unit risk (EPA, 1991a) by assuming lahalalioa of 20 m'/day by a 70-kg 
individual and tn absorption rate of 30%. 

Inhalation tiopc facton for these chemicals were calculated from unit risk using an inhalation unit risk (EPA, 1991a) by assuming inhalation of 20 m'/day by a 70-kg individual. 

ND No toxicity factor available at this time from EPAverifled sources. 
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Table G-4 - Values and Assumptions Used to Estimate Air Concentrations 
" ^ j i i " 

Symbol Parameter Value 

COWHERD ct al. (1985) U N L I M l l t D RESERVOIR F U O m V E DUST 
EMISSIONS MODEL 

v 

D« 

[u] 

u. 

z. 

E,. 

P 

Fraction vegetated soil 
(current conditioiu) 

(future conditions) 

Mode of particle size 
distribution 

mean annual wind speed 

threshold wind speed at 7m 
(current conditions) 
(future conditions) 

surface roughness height 
(current conditions) 
(future conditions) 

PM,„ emissions factor 
(current conditions) 

(future conditions) 

Days of precipitation 

INDOOR AIR MODEL 

A 

V 

ACH 

F 

building dimensions 

area of infiltration 

indoor air volume 

air exchange tate 

infiltration fraction 

0,25 • OFA/Pennwalt Area 
0,5 - General/FUl Area 
0.75 - North Site Area 

0 • all areas 

036 mm 

2.8 m/sec 

239 m/sec 
5.46 m/sec 

5 cm 
70 cm 

8.0 X 10' gm/m'-scc - North Site 
and General/Fill Areas 
8 3 X 10 ' gm/m'-sec -
OFA/Pennwalt Area 

Z9 X 10-' gm/m'-sec - North Site 
and General/Fill Areas 
5.4 X 10* gm/m'-sec -
OFA/Pennwalt Area 

180 days/year 

50 m X 50 m X 3 m 

2300 m' 

7500 m' 

0.2 (hr ' ) 

100% 

Source 

obcervatiom at property 

conservative auumption 

Appendix - Figure B-93 

Annual average wind speed -
Tacoma Tideflats 

calculated using procedures in 
Cowherd et al. (1985) 

Cowherd et al. (1985) value for 
medium brush (wheat field) 
suburban institutional buildings 

calculated using procedures in 
Cowherd et al. (1985) 

Cowherd et al. (1985) 

assumed 

floor area minus area of 1-m 
perimeter wall 

calculated 

conservative assumption 

conservative assumption 
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Hart Crowser 
J-2350-07 

Table G-5 - Fish Bioconcentration Factors for Chemicals of Potential Concem 

na Information not available. 
(a) Bioconcentration factor for anthracene was used to represent ail ooa-cardnogenic PAHs. 
(b) Bioconcentration factor for bcnzo(a)pyrene was used to represent ail non-cardoogenic PAHs. 
(c) Estimated bom octanol-water partition coeOicient using regression equation recommended by Lyman et al, 1982 

'JiiSjSS'-

Chemical 

INORGANIC CHEMICALS 

Antimony 

Arsenic 

1 Beryllium 

1 Cadmium 

1 Chromium 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

7Jnc 

ORGANIC CHEMICALS 

Benzene 

Bis(2-ctbylhcxyl)phthalate 

Fonnaldchyde 

PAHs - noncarcinogenic (a) 
- carcinogenic (b) 

Toluene 

Vinyl Chloride 

Xylenes 

BCF 

1 

44 

19 

81 

16 

200 

49 

0 

3,760 

oa 

47 

47 

5.2 

2,680 

0 

10.5 
30 

10.7 

1.17 

160 

Organism 

na 

oa 

na 

na 

na 

oa 

na 

na 

estuarine organisms 

na 

na 

na 

na 

Gammartis Pseudolimnaeus (scud) 

oa 

na 
oa 

na 

na 

na 

Source 

EPA Region IV, 1991 

PTI, 1989 

EPA Region IV, 1991 

PTI. 1989 

PTI, 1989 

PTI,1989 

PTI, 1989 

EPA, 1986 

EPA Region IV, 1991 

EPA Region IV, 1991 

PTI, 1989 

PTI, 1989 

EPA, 1980a 

HSDB, 1991 

EPA Region IV, 1991 
EPA Region IV, 1991 

PTI, 1989 

PTI, 1989 

(c) 
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Table G-6 - Estimated Doses and Potential Risks to Current Off-site Workers from Inhalation of Chenucals 

Volatilized from On-Site Groundwater: North Site Area 

Chemical (a) 

A. Potentially 
carcinogenic chemicals 

Groundwater 
Concentration 

in^g/L 

Total Mass in 
Shallow Aquifer 

in kg 

Average 95% CL Average RME 

Estimated Ainbicnt 
Air Concentration 

in mg/m3 

Average RME 

Chronic Daily Intake 
in mg/kg-day 

Average RME 

Upper-bound 
Lifetime Excess 

Cancer Risk 

Average RME 

Vinyl cliloride 36 50 

B. Non-carcinogenic chemicals 

(b) 

5.4 7.7 5.9E-07 8.5E-07 I.2E-08 5.5E-08 3E-09 2E-08 

(a) - Air concentrations werc estimated only for chemicals with inhalation toxicity criteria. 
(b) - No volatile chemicals of potential concern with non-carcinogenic inhalation toxicity factors were detected In this area. 

0-4.WKI/CIJ: 

TOT/VL 3E-09 2E-08 
RISK 

CDLRfD Ratio-

Average RME 

HAZARD OE400 OE+W 
INDEX 

rt 

O 
I 

o 
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X 
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Table G-7 - Estiinated Doses and Potential Human Health Risks to Current Off-site Workers from Inhalation of Chemicals Volatilized from 

On-site Groundwater - Ohio Ferro AUoy/Pennwalt Area 

Chemical (a) 

A. Potentially 
carcinogenic chemicals 

Groundwater 
Concentration 

in/ig/L 

Total Mass in 
Shallow Aquifer 

in kg 

Average 95% CL Average RME 

Estimated Ambient 
Air Concentration 

in mg/m3 

Average RME 

Chronic Daily Intake 

in mg/kg-day 

Average RME 

Upper-bound 
Lifetime Excess 
Cancer Risk 

Average • RME 

Benzene 

B. Non-carcinogenic chemicals 

Toluene 
Xylenes 

6.9 

8.2 
9.2 

11 

15 
17 

5.3 

20 
18 

8.5 

36 
33 

3.0E-O6 

l.lE-05 
l.OE-05 

4.8E-06 

2.0E-O5 
I.9E-05 

5.8E-08 

I.7E-06 
I.5E-06 

3.IE-07 

I.2E-06 
l.lE-06 

TOTAL 
RISK 

HAZARD 
INDEX 

2E-09 9E-09 

2E-09 9E-09 

CDLRfD Ratio 

Average RME 

3E-06 2E-06 
2E-06 I E-06 

4E-06 3E-06 

(a) - Air concentrations wore estimated only for chemicals with Inhalation toxicity criieria. 
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Tab le G - 8 - E s t i m a l e d D o s e s and Potent ia l H e a l t h Risks to C u r r e n t Off - s i t e W o r k e r s f rom Inha la t ion of A i r b o m e D u s t s 

G e n e r a l / F i l l A r e a 

Chemical (a) 

A. Potentially 

carcinogenic chemicals 

Arsenic 

Cadmium 

Chromium (hexavalent) (b) 

Nickel 

PAHs - carcinogenic 

SoU 

ConcenUration 

in mg/kg 

Average 

3.2 
0.53 

9 
26 

0.16 

95% CL 

4.6 
0.70 

10.5 

51 
0.42 

Annual Average 

Air Concentration 

in mg/m3 

Average 

2.0E-09 

3.3E-10 

5,7E-09 

1.6E-08 

I.OE-10 

RME 

2.9E-09 

4.4E-10 

6.6E-09 

3.2E-08 

2.6E-10 

Absorption 

Factor 

Averoge 

0.3 

1 
1 
1 

0.25 

Chronic 

Daily Intake 

ill mg/kg-day 

Average 

I.2E-11 

6.6E-I2 

l . lE -10 

3.2E-10 

4 .9E-I3 

RME 

5.7E-II 

2.9E-11 

4.3E-IO 

2.IE-09 

8.6E-I2 

Upper- t>ound 

Lifetime Excess 

Cancer Risk 

Average 

6 E - I 0 

4 E - I I 

5E-09 

3 E - I 0 

3E-12 

RME 

3E-09 

2E-I0 

2E-08 

2E-09 

5E-I I 

TOTAL 

RISK 

5E-09 2E-08 

B. Non-carcinogenic Chemicals 
CDI:RID Ratio 

Average RME 

Chromium (total) 18 21 l . lE -08 I.3E-08 1 I.7E-09 2.6E-09 3E-03 4E-03 

HAZARD 

INDEX 

3E-03 4E-03 

P 
(TO 
rt 

9 
4i. 
ts) 

(a) - Air concentrations were estimated only for chemicals with Inhalation toxicity criteria. 

(b) - Chromium was assumed to be present in s S0:S0 ratio of trivalent to hexavalent forms. 
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Table G-9 - Estimated Doses and Potential Health Risks to Current Off-site Workers from Inhalation of Airbome Dusts 
North Site Area 

Chemical (a) 

A. Potentially carcinogenic 
chemicals 

SoU 
Concentration 

in mg/kg 

Average 95% CL 

Annual Average 

Air Concentration 
in mg/m3 

Average RME 

Chronic 
DaUy Litoke 
in mg/kg-day 

Average RME 

Upper-bound 
Excess Lifetime 

Cancer Risk 

Average RME 

Arsenic 
Cadmium 
Chromium - hexavalent (b) 
Nickel 
PAlls - carcinogenic 

13 
0.67 

11 
28 
l.l 

B. Non-carcinogenic chemicals 

16 
0.99 

12 
45 
1.6 

2.3E-09 2.8E-09 
1.2E-10 I.7E-10 
1.8E-09 2.1E-09 
4.9E-09 7.9E-09 
I.9E-10 2.8E-10 

1.3E-11 
2.3E-12 
3.6E-11 
9.6E-11 
9.5E-I3 

5.5E-II 
I . IE-l l 
1.4E-10 
5.1E-10 
9.1E-12 

TOTAL 
RISK 

7E-I0 
lE- l l 
lE-09 
8E-1I 
6E-I2 

2E-09 

3E-09 
7E-II 
6E-09 
4E-I0 
6E-1I 

9E-09 

CDI/RID Ratio 

Average RME 

Chromium (total) 
Mercury 

21 
0.34 

24 
0.61 

3.7E-09 
6.0E-II 

4.2E-09 
I.IE-IO 

5.4E-I0 
8.8E-I2 

8.2E-I0 
2.IE-II 

HAZARD 
INDEX 

9E-04 
lE-07 

9E-04 

IE-03 
2E-07 

IE-03 

p 
OQ 
rt 

O 
I 

(a) - Air concenlratioiu were estimated only for chemicals with inhalation toxicity criteria. 
(b) - Chromium was assumed to be present in a 50:50 ratio of trivalent to hexavalent forms. 
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Table G-10 - Estimated Doses and Potential Health Risks to Current Off-site Workers from Inhalation of Airbome Dusts 
Ohio Ferro-Alloy/Pennwalt Area 

Chemical (a) 

A. Potentially 
carcinogenic chemicals 

SoU 
Concentration 

in mg/kg 

Average 95% CL 

Aimual Average 
Air Concentration 

in mg/m3 

Average RME 

Chronic 
DaUy Intake 
in mg/kg-day 

Average RME 

Upper-bound 
Lifetinie Excess 
Cancer Risk 

Average RME 

P 
cro rt 
O 
I 

Arsenic 
Cadmium 
Chromium - hexavalent (b) 
Nickel 
PAHs - carcinogenic 

B. Non-carcinogenic chemicals 

Chromium - total 
Manganese 
Mercury 

49 
1.4 
96 
35 

250 

64 
1.9 
159 
48 

659 

5.7E-08 7.5E-08 
1.6E-09 2.2E-09 
l.lE-07 1.9E-07 
4.1E-08 5.6E-08 
2.9E-07 7.7E-07 

3.4E-I0 I.5E-09 
3.2E-11 I.4E-10 
2.2E-09 I.2E-08 
8.0E-10 3.6E-09 
I.4E-09 2.5E-08 

2E-08 
2E-I0 
9E-08 
7E-I0 
9E-09 

7E-08 
9E-I0 
5E-07 
3E-09 
2E-07 

192 
81 

0.19 

318 
95 

0.29 

2.2E-07 
9.4E-08 
2.2E-I0 

3.7E-07 
l.lE-07 
3.4E-I0 

3.3E-08 
I.4E-08 
3.3E-II 

7.2E-08 
2.2E-08 
6.6E-1I 

TOTAL 
RISK 

IE-07 7E-07 

CDI/RfD Ratio 

Average 

5E-02 
IE-07 
IE-07 

RME 

lE-OI 
2E-07 
2E-07 

HAZARD 
INDEX 

5E-02 lE-OI 

(a) - Air concentrations were estimated only for chemicals with inhalation toxicity criteria. 
(b) - Chromium was assumed to be present in a 50:50 ratio of trivalent to hexavalent forms. 
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Table G - 1 1 - Estimated Doses and Potential Risks to Future On-site Workers from Inhalation of Chemicals 
Volatilized h'om On-site Groimdwater: North Site Area 

Chemical (a) 

A. Potentially 

carcinogenic chemicals 

Groundwater 

Concentration 

in/ ig/L 

Average 95% CL 

Total Mass in 

Shallow Aquifer 

in kg 

Average RME 

Estimated 

Indoor Air 

Concentration 

in mg/m3 

Average RME 

Chronic DaUy Intake 

in mg/kg-day 

Average RME 

Upper-bound 

Lifetime Excess 

Cancer Risk 

Average RME 

Vinyl clUoride 

B. Non-carcinogenic chemicals 

(b) 

36 50 5.4 7.7 1.9E-03 2.7E-03 .8E-05 5.4E-05 

TOTAL 

RISK 

HAZARD 

INDEX 

IE-05 2E-05 

IE-05 2E-05 

CDLRfD Ratio 

Average RME 

OE^OO OE^OO 

(a) - Air concentrations were estimated only for chemicals with inhalation toxicity criteria. 

(b) - No chemicals of potential concern with non-carcinogenic Inhalation toxicity factors were detected in this area. 
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Table G-12 - Estimated Doses and Potential Health Risks to Future On-site Workers from Inhalation of Chemicals 

Volatilized from On-site Groundwater: Ohio Ferro-Alloy/Pennwalt Area 

Chemical (a) 

A. PotentiaUy 
carcinogenic chemicals 

Groundwater 

Concentration 

in Mg/L 

Total Mass in 
Shallow Aquifer 

in kg 

Average 95% CL Average RME 

Estimated 
Indoor Air 

Concentration 
in mg/m3 

Average RME 

Chronic DaUy Intake 
in mg/kg-day 

Average RME 

Upper-bound 
Lifetime Excess 

Cancer Risk 

Average RME 

Benzene 6.9 11 5.3 8.5 1.2E-03 1.9E-03 2.3E-05 3.6E-05 7E-07 I E-06 

TOTAL 7E-07 lE-06 
RISK 

B. Non-carcinogenic chemicals 

CDI:RID Ratio 

Average RME 

8.2 
9.2 

15 
17 

20 
18 

36 
33 

4.4E-03 
3.9E-03 

7.8E-03 
7.2E-03 

Toluene 
Xylenes 

(a) - Air concentrations were estimated only for chemicals with inhalation toxicity criteria. 

Q-IOWXIfCUt 

6.4E-04 4.6E-04 
5.8E-04 4.2E-04 

IE-03 8E-04 
6E-04 5E-04 

HAZARD IE-03 8E-04 
INDEX 

P 
OQ 
rt 

0^ 

<~i 

ti 
LJ\ 

X 
p 
•;i 
n 
•-I 

o 
9 ^ 
- J rt 

• 1 



Table G-13 - Estimated Doses and Potential Health Risks to Future Off-site Workers from Inhalation of Airbome Dusts 

General/Fill Area 

Chemical (a) 

A. Potentially 
carcinogenic chemicals 

SoU 
Concentration 

in mg/kg 

Average 95% CL 

Annual Average 

Air Concentration 
in mg/m3 

Average RME 

Chronic 
DaUy Intake 
in mg/kg-day 

Average RME 

Upper-bound 
Lifetime Excess 

Cancer Risk 

Average RME 

Arsenic 
Cadmium 
Chromium (hexavalent) (b) 
Nickel 
PAHs - carcinogenic 

3.2 4.6 
0.53 0.70 

9 10.5 
26 51 

0.16 0.42 

B. Non-carcinogenic chemicals 

Chromium (total) 18 21 

1.2E-07 I.7E-07 
2.0E-O8 2.6E-08 
3.4E-07 3.9E-07 
9.7E-07 1.9E-06 
6.0E-09 1.6E-08 

6.7E-07 7.8E-07 

7.0E-I0 3.4E-09 
3.9E-10 1.7E-09 
6.6E-09 2.6E-08 
1.9E-08 1.2E-07 
2.9E-11 5.1E-10 

TOTAL 
RISK 

4E-08 
2E-09 
3E-07 
2E-08 
2E-I0 

3E-07 

2E-07 
IE-08 
IE-06 
IE-07 
3E-09 

IE-06 

CDI:RfD Ratio 

9.9E-08 I.5E-07 

Average RME 

2E-01 3E-0I 

H/kZARD 2E-01 3E-01 
INDEX 

>V 
P 

(TO 

rt 
O 
I 

- 4 

(a) - Air concentrations were estimated only for chemicals with inhalation toxicity criteria. 
(b) - Chromium was assumed to be present in a 50:50 ratio of trivalent to hexavalent forms. 
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Table G-14 - Estimated Doses and Potential Health Risks to Future Off-site Workers from Inhalation of Airbome Dusts 
North Site Area 

Chemical (a) 

A. Potentially carcinogenic 
chemicals 

SoU 
Concentration 

in mg/kg 

Average 95% CL 

Annual Average 
Air Concentration 

in mg/m3 

Average RME 

Chronic 
DaUy Intake 
in mg/kg-day 

Average RME 

Upper-bound 
Excess Lifetime 

Cancer Risk 

Average RME 

Arsenic 
Cadmium 
Chromium - hexavalent (b) 
Nickel 
PAHs - carcinogenic 

13 16 4.3E-07 5.4E-07 
0.67 0.99 2.2E-08 3.3E-08 
10.5 12 3.5E-07 4.0E-O7 

28 45 9.4E-07 I.5E-06 
l.l 1.6 3.7E-08 5.4E-08 

B. Non-carcUiogenic chemicals 

2.6E-09 
4.4E'10 
6.9E-09 
1.8E-08 
1.8E'I0 

I.OE-08 
2.2E-09 
2.6E-08 
9.8E-08 
I.7E-09 

TOTAL 
RISK 

IE-07 
3E-09 
3E-07 
2E-08 
lE-09 

4E-07 

5E-07 
IE-08 
IE-06 
8E-08 
IE-08 

2E-06 

CDI/RfD Ratio 

Average RME 

Chromium (total) 
Mercury 

21 24 7.0E-07 8.0E-07 I.OE-07 1.6E-07 
0.34 0.61 I. IE-08 2.0E-O8 I.7E-09 4.0E-09 

2E-0I 
2E-05 

3E-0I 
4E-05 

HAZARD 
INDEX 

2E-0I 3E-0I 

•-0 
P 

OQ 
rt 
O 

(a) - Air concentrations were estioiated only for chemicals with inhalation toxicity criteria. 
(b) - Chromium was assumed to be present in a 50:50 ratio of trivalent to hexavalent forms. 
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Table G-ISA - Estimated Doses and Potential Health Risks to Future Off-site Workers from Inhalation of Airbome Dusts 
Ohio Ferro-Alloy/Pennwalt Area (Charcoal Samples Included) 

Chemical (a) 

A. Potentially 
carcinogenic chemicals 

Arsenic 
Cadmium 
Chromium - hexavalent (b) 
Nickel 
PAHs - carcinogenic 

B. Non-carcinogenic chemicals 

Chromium - total 
Manganese 
Mercury 

SoU 

Concentration 
in mg/kg 

Average 95% CL 

49 
1.4 
96 
35 

250 

192 
81 

0.19 

64 
1.9 
159 
48 

659 

318 
95 

0.29 

Annual Average 

Air Concentration 
in mg/ 

Average 

2.4E-06 
7.0E-O8 
4.8E-06 
1.7E-06 
1.2E-0S 

• 

9.6E-06 
4.0E-06 
9.5E-09 

ai3 

RME 

3.2E-06 
9.5E-08 
7.9E-06 
2.4E-06 
3.3E-05 

I.6E-05 
4.7E-06 
I.4E-08 

Chronic 

DaUy Intake 
in mg/kg-day 

Average 

I.4E-08 
I.4E-09 
9.4E-08 
3.4E-08 
6. IE-08 

I.4E-06 
5.9E-07 
I.4E-09 

RME 

6.2E-08 
6.2E-09 
5.2E-07 
1.6E-07 
1. IE-06 

3.IE-06 
9.3E-07 
2 . : E - 0 9 

TOTAL 
RISK 

HfiiZAAD 

INDEX 

Upper-bound 

Lifetime Excess 
Cancer Risk 

Average 

7E-07 
8E-09 
4E-06 
3E-08 
4E-07 

5E-06 

RME 

3E-06 
4E-08 
2E-05 
IE-07 
7E-06 

3E-05 

CDI/RfD Ratio 

Average 

2E+00 
6E-06 
5E-06 

2E+00 

RME 

5E+00 
9E-06 
9E-06 

5E+00 

'73 
p 

oq 
rt 

9 

(a) - Air concentrations were estimated only for chemicals with inhalation toxicity criteria. 
(b) - Chromium was assumed to be present in a 50:50 ratio of trivalent to hexavalent forms. 
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Table G-15B - Estimated Doses and Potential Health Risks to Future Off-site Workers from Inhalation of Airborne Dusts 
Ohio Ferro-Alloy/Pennwalt Area (Charcoal Samples Omitted) 

Clicmical (a) 

A. Potentially 
carcinogenic chemicals 

SoU 
Concentration 

in mg/kg 

Average 95% CL 

Annual Average 

Air Concentration 
in mg/m3 

Average RME 

Chronic 
Daily Intake 
in mg/kg-day 

Average RME 

Upperbound 
Lifetime Excess 
Cancer Risk 

Average RME 

Arsenic 
Cadmium 
Cliromium - hexavalent (b) 
N ickel 
PAHs - carcinogenic 

B. Noncarcinogenic Chemicals 

Chromium - total 
Manganese 
Mercury 

49 
1.4 
96 
35 

5.8 

192 
81 

0.19 

64 
1.9 
159 
48 

9.9 

318 
95 

0.29 

2.4E-06 
7.aE-08 
4.8E-06 
1.7E-06 
2.9E-07 

9.6E-06 
4.0E-06 
9.5E-09 

3.2E-06 
9.5E-08 
7.9E-06 
2.4E-06 

4.9E-07 

1.6E-05 
4.7E-06 
1.4E-08 

1.4E-08 
1.4E-09 
9.4E-08 
3.4E-08 
1.4E-09 

1.4E-06 
5.9E-07 
1.4E-09 

6.2E-08 
6.2E-09 
5.2E-07 
1.6E-07 
1.6E-08 

3. IE-06 
9.3E-07 
2.8E-09 

TOTAL 
RISK 

HAZARD 
INDEX 

7E-07 
8E-09 
4 E-06 
3E-08 
9E-09 

5E-06 

3E-06 
4E-08 
2E-05 
IE-07 
IE-07 

2E-05 

CDI/RfD Ratio 

Average 

2E+00 
6E-06 
5 E-06 

2E+00 

RME 

5E+00 
9E-06 
9E-06 

5E+00 

p 
OQ 

O 
I 

Ln 
O 

(a) - Air concentrations were estimated only for chemicals with inhalation toxicity criteria! 
(b) - Chromium was assumed to be present in a 50:50 ratio of trivalent to hexavalent forms. 
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Table G-16 - Estimated Doses and Potential Health Risks to Future On-site Workers from Direct Contact with Soil 
General Fill Area 

Chemical 

A. Potentially carcinogenic 
chemicals (a) 

SoU Concentration 
in mg/kg 

Average 95% CL 

Oral Intake 
in mg/day 

Dermal Intake 
in mg/day 

Average RME Average RME 

Chronic DaUy Intake 
(Dermal and Oral) 

in mg/kg-day 

Average RME 

Upper-bound Lifetime 
Excess Cancer Risk 

Average RME 

PAHs - carcinogenic 

Arsenic 

0.16 0.42 4.0E-06 1. IE-05 (b) (b) 

3.2 4.6 1.3E-04 9.2E-05 5.8E-06 8.7E-05 

1.8E-09 3.4E-08 

6. IE-08 5.9E-07 

2E-08 4E-07 

IE-07 IE-06 
TOTAL 
RISK IE-07 2E-06 

B. Non-carcinogenic chemicals 
CDLRfD Ratio 

Average RME 

PAHs - non-carcinogenic 

Arsenic 
Cadmium (a) 
Chromium (a) 
Copper 
Nickel (a) 
Zinc 

0.62 3.5 1.6E-05 8.8E-05 1.5E-04 1.3E-03 5.5E-07 1.4E-05 lE-04 3E-03 

3.2 
0.54 

18 
20 
26 
30 

4.6 
0.70 

21 
26 
51 
37 

1.3E-04 
5.4E-05 
1.8E-03 
2.0E-O3 
2.6E-03 
3.0E-03 

9.2E-05 
3.5E-05 
1. IE-03 
1.3E-03 
2.6E-03 
1.9E-03 

5.8E-06 
9.7E-07 
3.2E-05 
3.6E-05 
4.7E-05 
5.4E-05 

8.7E-05 
1.3E-05 
4.0E-04 
4.9E-04 
9.7E-04 
7.0E-04 

4.6E-07 
1.9E-07 
6.3E-06 
7.0E-06 
9. IE-06 
l.OE-05 

1.8E-06 
4.7E-07 
1.4E-05 
1.8E-05 
3.4E-05 
2.5E-05 

HAZARD -
INDEX 

2E-03 
3E-04 

IE-03 
2E-04 
6E-04 
6E-05 

4E-03 

6E-03 
3E-03 
6E-03 
IE-03 
lE-02 
3E-04 

3E-02 

'-0 
p 

CJQ 

o 

(a) - Cadmium, chromium, and nickel are considered carcinogens only for inhalation exposures. 
(b) - Dermal intake of PAHs was not evaluated quantitatively m this risk assessment. 

a-14.WKl/Cl.K 

X 
p 

^ ^ 
to n 
Ln Q 
o ^ 
O rt 



^ • 

Table G-17 - Estimated Doses and Potential Health Risks to Future On-site Workers from Direct Contact with Soil 
North Site Area 

Chemical 

A. Potentially carcinogenic 
chemicals (a) 

Bis(2-ethylhexyl)phthalate 
PAHs - carcinogenic 

Arsenic 

B. Non-carcinogenic chemicals 

SoU Concentration 

in mg/kg 
Oral Intake 

in mg/day 

Dermal Intake 
in mg/day 

Chronic DaUy Intake 

(Dermal and Oral) 

in mg/kg-day 

Upper-bound Lifetime 

Excess Cancer Risk 

Average 

0.13 
1.1 

13 

95% CL 

0.18 
1.6 

16 

Average 

I.3E-05 
2.8E-05 

5.2E-04 

RME 

9.0E-06 
4.0E-05 

3.2E-04 

Average 

1.2E-04 

(b) 

2.3E-05 

RME 

1.7E-04 

(b) 

3.0E-04 

AVERAOE 

5.9E-08 
1.3E-08 

2.5E-07 

RME 

5.9E-07 
1.3E-07 

2.0E-06 
TOTAL 
RISK 

Average 

2E-08 
IE-07 

5E-07 

7E-07 

RME 

2E-07 
2E-06 

4E-06 

6E-06 

CDLRfD Ratio 

Average RME 

P 
OQ 
rt 

o 
I 
Ln 
ts) 

B is(2-ethylhexyl)phtlialate 
PAHs - non-carcinogenic 

Arsenic 
Cadmium (a) 
Chromium (a) 
Copper 
Mercury 
Nickel (a) 
Zinc 

(a) - Cadmium, chromium, and nickel are considered carcinogens only for inhalation exposures. 
(b) - Dermal intake of PAHs was not evaluated quantitatively in this risk assessment. 

a-lJ.WKJ/CI.K 

0.13 
9.1 

13 
0.67 

21 
41 

0.34 
27 
50 

0.18 
14 

16 
0.99 

24 
59 

0.6 
45 

62 

1.3E-05 
2.3E-04 

5.2E-04 
6.7E-05 
2. IE-03 
4. IE-03 
3.4E-05 
2.7E-03 

5.0E-O3 

9.0E-06 
3.5E-04 

3.2E-04 
5.0E-05 
1.2E-03 
3.0E-03 
3.0E-05 
2.3E-03 

3. IE-03 

1.2E-04 
2. IE-03 

2.3E-05 
1.2E-06 
3.8E-05 
7.4E-05 
6. IE-07 
4.9E-05 
9.0E-O5 

1.7E-04 
5.3E-03 

3.0E-04 
1.9E-05 
4.6E-04 
I. IE-03 
1. IE-05 
8.6E-04 
I.2E-03 

4.5E-07 
8. IE-06 

1.9E-06 
2.3E-07 
7.3E-06 
1.4E-05 
1.2E-07 
9.4E-06 
1.7E-05 

1.8E-06 
5.5E-05 

6. IE-06 
6.7E-07 
1.6E-05 
4.0E-05 
4. IE-07 
3.0E-05 
4.2E-05 

HAZARD -
INDEX 

4E-04 
2E-03 

6E-03 
3E-04 
2E-03 
4E-04 
5E-04 
6E-04 
9E-05 

lE-02 

2E-03 
lE-02 

2E-02 
4E-03 
7E-03 
2E-03 
8E-03 
9E-03 
4E-04 

7E-02 

< — ( 
ts) 
<.̂  l / l 
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O 
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u 
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Table G-18A - Estimated Doses and Potential Health Risks to Future On-site Workers from Direct Contact with Soil 

Ohio Ferro-Alloy/Pennwalt Area (Charcoal Samples Included) 

Chemical 

A, Potentially carcinogenic 
chemicals (a) 

PAHs - carcinogenic 

Arsenic 

B. Non-carcinogenic chemicals 

SoU Concentration 
in mg/kg 

Average 95% CL 

250 659 

49 64 

Oral Intake 
in mg/day 

Average RME 

6.3E-03 1.6E-02 

2.0E-03 1.3E-03 

Dermal Intake 

in mg/day 

Average RME 

(b) (b) 

8.8E-05 1.2E-03 

Chronic Daily Intake 
(Dermal and Oral) 
in mg/kg-day 

Upper-bound Lifetime 
Excess Cancer Risk 

\verage 

2.9E-06 

9.4E-07 

RME 

5.4E-05 

8. IE-06 
TOTAL 
RISK 

Average 

3E-05 

2E-06 

3E-05 

RME 

6E-04 

2E-05 

6E-04 

CDLRfD Ratio 

Average RME 

P 
n 

o 
I 

Ln 
L>^ 

PAHs - non-carcinogenic 

Arsenic 
Cadmium (a) 
Chromium (a) 
Copper 
Manganese 
Mercury 
Nickel (a) 
Zinc 

1.614 

49 
1.4 
192 
163 
81 

0.19 
34 

138 

4,287 

64 
1.90 
318 
227 
95 

0.29 
48 

172 

4.0E-02 

2.0E-03 
1.4E-04 
1.9 E-02 
1.6E-02 
8. IE-03 
1.9E-05 
3.4E-03 
1.4E-02 

l.lE-01 

1.3E-03 
9.5E-05 
1.6E-02 
l.l E-02 
4.8E-03 
1.5E-05 
2.4E-03 
8,6E-03 

3.8E-01 

8.8E-05 
2.5E-06 
3.5E-04 
2.9E-04 

1.5E-04 
3.4E-07 
6. IE-05 
2.5E-04 

1.6E+00 

1.2E-03 
3.6E-05 
6.0E-03 
4.3E-03 
I.8E-03 
5.5E-06 
9. lE-04 
3.3E-03 

1.4E-03 

7.0E-O6 
4.9E-07 
6.7E-05 
5.7E-05 

2.8E-05 
6.6E-08 
1.2E-05 
4.8E-05 

1.7E-02 

2.4E-05 
1.3E-06 
2.1E-04 
1.5E-04 
6.4E-05 
2.0E-07 
3.2E-05 
1.2E-04 

H/aARD -
INDEX 

4E-01 

2E-02 
7E-04 
lE-02 
2E-03 
4E-04 
3E-04 
8E-04 
3E-04 

4E-01 

4E+00 

8E-02 
8E-03 
9E-02 
9E-03 
4E-03 
4E-03 
lE-02 
IE-03 

4E+00 
(a) - Cadmium, chromium, and nickel are considered carcinogens only for inhalation exposures. 
(b) - Dermal intake of carcinogenic PAHs was not evaluated quantitatively in this risk assessment. 
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Table G-18B - Estimated Doses and Potential Health Risks to Future On-si te Workers from Direct Contact with Soil 

Ohio Ferro-Alloy/Pennwalt Area (Charcoal Samples Omitted) 

Chemical 

A. Potentially carcinogenic 
chemicals (a) 

PAHs - carcinogenic 

Arsenic 

n. Non-carcinogenic chemicals 

SoU Concentration 
in mg/kg 

Average 95% CL 

5.8 9.9 

49 64 

Oral Intake 

in mg/day 

Average RME 

1.5E-04 2.5E-04 

2.0E-03 1.3E-03 

Dermal Intake 
in mg/day 

Average RME 

(b) (b) 

8.8E-05 1.2E-03 

Chronic DaUy Intake 
(Dermal and Oral) 
in mg/kg-day 

AVERAGE RME 

6.6E-08 8. IE-07 

9.4E-07 8. IE-06 

Upper-bound Lifetime 

Excess Cancer Risk 

TOTAL 
RISK 

Average 

8E-07 

2E-06 

3E-06 

RME 

9E-06 

2E-05 

3E-05 

CDLRfD Ratio 

Average RME 

23 38 5.7E-04 9.4E-04 

'T3 
P 

OQ 

n> 
O 
Ln 

PAHs - non-carcinogenic 

Arsenic 
Cadmium (a) 
Chromium (a) 
Copper 
Manganese 
Mercury 
Nickel (a) 
Zinc 

(a) - Cadmium, chromium, and nickel are considered carcinogens only for inhalation exposures. 
(b) - Dermal intake of carcinogenic PAHs was not evaluated quantitatively in tiiis risk assessment. 

0-16B.WK1/CLK 

5.3E-03 1.4E-02 2.0E-05 1.5E-04 5E-03 4E-02 

49 
1.4 
192 
163 
81 

0.19 
34 

138 

64 
1.90 
318 
227 

95 
0.29 

48 
172 

2,0E-03 
1.4E-(M 
1,9E-02 
1.6E-02 
8. IE-03 
1.9E-05 
3.4E-03 
1.4E-02 

1.3E-03 
9.5E-05 
1.6E-02 
1.1 E-02 
4.8E-03 
1.5E-05 
2.4E-03 
8.6E-03 

8.8E-05 
2.5E-06 
3.5E-04 
2.9E-04 

. 1.5E-04 
3.4E-07 
6. IE-05 
2.5E-04 

1.2E-03 
3.6E-05 
6.0E-03 
4.3E-03 
1.8E-03 
5.5E-06 
9.1 E-04 
3.3E-03 

7.0E-06 
4.9E-07 
6.7E-05 
5.7E-05 
2.8E-05 
6.6E-08 
1.2E-05 
4.8E-05 

2.4E-05 
1.3E-06 
2.1 E-04 
1.5E-04 
6.4E-05 
2.0E-07 
3.2E-05 
I.2E-04 

H/itZARD -
INDEX 

2E-02 
7E-04 
lE-02 
2E-03 
4E-04 
3E-04 
8E-04 
3E-04 

5E-02 

8E-02 
8E-03 
9E-02 
9E-03 
4E-03 
4E-03 
lE-02 
IE-03 

2E-01 

p 
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Table G-19 - Estimated Doses and Potential Health Risks to Future On-site Workers from Direct Contact with On-Site Sediments 
Pennwalt Ag-Chem Ditch 

Chemical 

A. Potentially carcinogenic 
chemicals (a) 

PAHs - carcinogenic 

Arsenic 

B. Non-carcinogenic chemicals 

Sediment 
Concentration 

in mg/kg 

Average 95% CL 

0.53 0.92 

27 37 

Oral Intake 
in mg/day 

Average RME 

1.3E-05 2.3E-05 

I. IE-03 7.4E-04 

Dermal Intake 
in mg/day 

Average RME 

(b) (b) 

4.9E-05 7.0E-04 

Chronic DaUy Intake 
(Dermal and Oral) 
in mg/kg-day 

AVERAGE RME 

1.3E-09 1. IE-08 

1. IE-07 6.9E-07 

Upper-bound Lifetime 

Excess Cancer Risk 

TOTAL 
RISK 

Average 

IE-08 

2E-07 

2E-07 

RME 

IE-07 

IE-06 

2E-06 

CDLRfD Ratio 

Average RME 

1.4 2.7 3.5E-05 6.8E-05 

p 
OQ 
rt 

O 
Ln 
Ln 

PAHs - non-carcinogenic 

Arsenic 
Cadmium (a) 
Chromium (a) 
Copper 
Mercury 
Nickel (a) 
Zinc 

(a) - Cadmium, chromium, and nickel are considered carcinogens only for inhalation exposures. 
(b) - Dermal intake of carcinogenic PAHs was not evaluated quantitatively in tills risk assessment. 

a-17.WKI(CUK 

3.3E-04 l.OE-03 2.6E-07 1.6E-06 6E-05 4E-04 

27 
0.78 

17 
37 

7.9 
143 
147 

37 
1.3 
23 
57 
23 

313 
268 

1. IE-03 
7.8E-05 
1.7E-03 
3.7E-03 
7.9E-04 
1.4E-02 
1.5E-02 

7.4E-04 
6.5E-05 
1.2E-03 
2.9E-03 
1.2E-03 
1.6E-02 
1.3E-02 

4.9 E-05 
1.4E-06 
3. IE-05 

6.7E-05 
1.4E-05 
2.6E-04 
2.6E-04 

7.0E-04 
2.5E-05 
4.4E-04 
1.IE-03 
4.4E-04 
5.9E-03 
5. IE-03 

8. IE-07 
5.7E-08 
1.2E-06 
2.7E-06 
5.7E-07 
l.OE-05 
1. IE-05 

2. IE-06 
1.3E-07 
2.3E-06 
5.6E-06 
2.3 E-06 
3. IE-05 
2.6E-05 

HAZARD -
INDEX 

3E-03 
8E-05 
3E-04 
8E-05 
3E-03 
7E-04 
6E-05 

6E-03 

7E-03 
8E-04 
IE-03 

3E-04 
5E-02 
IE-02 
3E-04 

7E-02 
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Table G-20 - Estimated Doses and Potential Health Risks to Future On-si te Workers from Direct Contact with On-Site Sediments 

Ohio Ferro-Alloy Ditch 

Chemical 

A. Potentially carcinogenic 
chemicals (a) 

Bis(2-cthylhexyl)phthalate 
PAHs - carcinogenic 

Arsenic 

Sediment 
Concentration 

in mg/kg 

0.25 0.35 
0.96 1.1 

167 282 

Oral Intake 
in mg/day 

Average 95% CL Average RME 

2.5E-05 1.8E-05 

2.4E-05 2.8E-05 

6.7E-03 5.6E-03 

Dermal Intake 
in mg/day 

Average RME 

2.3E-04 3.3E-04 

(b) (b) 

3.0E-04 5.4E-03 

Chronic DaUy Intake 
(Dermal and Oral) 
in mg/kg-day 

Average RME 

2.4E-08 1.7E-07 
2.3E-09 1.3E-08 

6.6E-07 5.2E-06 

Upper-bound Lifetime 
Excess Cancer Risk 

TOTAL 
RISK 

Average 

6E-09 
3E-08 

IE-06 

IE-06 

RME 

4E-08 
2E-07 

IE-05 

IE-05 

B. Non-carcinogenic chemicals 
CDl:RfD Ratio 

Average RME 

B is(2-ethy IhexyOphthalate 
PAHs - non-carcinogenic 

Arsenic 
Cadmium (a) 
Chromium (a) 
Copper 
Nickel (a) 
Zinc 

(a) - Cadmium, chromium, and nick 
(b) - Dermal intake of carcinogenic PAHs was not evaluated quantitatively in this risk assessment. 

0.25 
4.5 

167 

3.1 
125 
255 
27 

332 

0.35 
5.4 

282 
3.6 
214 
342 
29 

476 

e considered carcii 

2.5E-05 
l.lE-04 

6.7E-03 
3.1 E-04 
1.3E-02 
2.6E-02 
2.7E-03 
3.3E-02 

1.8E-05 
1.4E-04 

5.6E-03 
1.8E-04 
1.1 E-02 
1.7E-02 
1.5E-03 
2.4E-02 

logens only for inhalation e 

2.3E-04 
1. IE-03 

3.0E-04 
5.6E-06 

•2.3E-04 
4.6E-04 
4.9E-05 
6.0E-04 

xposures. 

3.3E-04 
2. IE-03 

5.4E-03 
6.8E-05 
4. IE-03 
6.5E-03 
5.5E-04 
9.0E-03 

1.8E-07 
8.3E-07 

5.0E-06 
2.3E-07 
9. IE-06 
1.9E-05 
2.0E-06 
2.4E-05 

5.0E-07 
3. IE-06 

1.6E-05 
3.5E-07 
2. IE-05 
3.4E-05 
2.9E-06 
4.7E-05 

HAZARD -
INDEX 

2E-04 
2E-04 

2E-02 
3E-04 
2E-03 
5E-04 
lE-04 
lE-04 

2E-02 

5E-04 
8E-04 

5E-02 
2E-03 
9E-03 
2E-03 
9E-04 
5E-04 

7E-02 

p 
«q 
rt 

o 
\ 
Ln 
0^ 
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Table G-21 - Estimated Doses and Potential Human Health Risks from Ingestion of Fish from Hylebos Waterway 

'-d 
p 

OQ 
rt 
O 

1 

Ln 
- J 

A. Potentially carcinogenic 
chemicals 

ORGANICS 
Benzene 

Bis(2-ethylhexyl)phthalate 

PAHs - carcinogenic 
Vinyl chloride 

INORGANICS 
Arsenic 

Beryllium 

B. Non-carcinogenic chemicals 

ORGANICS 
Bis(2-ethylliexyl)phllialate 
Formaldehyde 
PAHs - non-carcinogenic 

Toluene 

Xylenes 

INORGANICS 
Antimony 
Arsenic 

Beryllium 
Cadmium (in food) 

Chromium (III) 

Copper 

Manganese 

Nickel 

Zinc 

a-i».wKwcu 

Estimated 

Surface Water 

Concentration 

in/xg/L 

Average 

4. IE-05 

5.7E-0S 
5. IE-05 

1.8E-04 

9.1 E-04 

2.0E-05 

5.7E-05 
3.8E-04 

9.4E-04 

4.9E-05 
5.5E-05 

8. IE-05 
9.1 E-04 

2.0E-05 
2. IE-05 

2.6E-04 

1.5E-04 

1.5E-02 

1.4E-04 

3.0E-04 

RME 

6.6E-05 

l . l E - 0 4 
6.9E-05 

2.SE-04 

I.4E-03 

2.0E-05 

l . IE-04 
6.0E-04 

1.6E-03 
9.0E-O5 

l.OE-04 

1.3E-04 
1.4E-03 

2.0E-05 

2.7E-05 

3.8E-04 

2.3E-04 

2.5E-02 

2.5E-04 

4.6E-04 

Fish Tissue 

Concentrafion 
in mg/kg 

Average RME 

2. IE-07 3.4E-07 

1.5E-04 2.9E-04 

1.5E-06 2 . IE-06 

2.0E-O7 2.9E-07 

4.0E-05 6.0E-05 

3.7E-07 3.7E-07 

6.6E-06 1.2E-05 
O.OE+00 O.OE+00 
9.9E-06 1.7E-05 

5.2E-07 9.6E-07 

8.8E-06 1.6E-05 

8. IE-08 1.3E-07 

4.0E-05 6.0E-05 
3.7E-07 3.7E-07 

1.7E-06 2.2E-06 
4.2E-06 6.IE-06 

2.9E-05 4.6E-05 

O.OE+00 O.OE+00 

6.7E-06 1.2E-05 

1.4E-05 2.2E-05 

Chronic DaUy Intake 

For Ingesti on of Fish 

in mg/kg-day 

Average 

2.5E-12 
1.8E-09 

1.8E-11 

2.4E-12 

4.7E-10 

4.4E-12 

6.4E-10 
O.OE+00 
9.6E-10 

5.1E-11 

8.6E-10 

7.9E-12 
3.9E-09 

3.7E-11 

1.7E-10 

4.1E-10 

2.9E-09 

O.OE+00 

6.6E-10 

1.4E-09 

RME 

3.1E-10 

2.6E-07 

I.9E-09 

2.6E-10 

5.4E-08 

3.4E-10 

TOTAL 

RISK 

2.8E-08 
O.OE+00 
3.8E-08 

2.2E-09 

3.7E-08 

2.9E-10 
1.4E-07 

8.5E-10 
5.IE-09 

1.4E-08 

I.OE-07 

O.OE+00 

2.6E-08 

4.9E-08 

HAZARD 

INDEX 

Upperbound 

Lifetime Excess 

Cancer Risk 

Average 

7E-14 

3E-11 

2E-10 

6E-12 

9E-10 
2E-11 

lE-09 

RME 

9E-12 

4E-09 

2E-08 

6E-10 

IE-07 

IE-09 

IE-07 

CDI:RfD RATIO 

Average 

3E-08 
OE+00 

2E-07 

3E-10 

4E-10 

2E-08 

IE-05 

7E-09 
2E-07 

4E-10 

8E-08 

OE+00 

3E-08 

7E-09 

IE-05 

RME 

IE-06 
OE+00 

9E-06 
IE-08 

2E-08 

7E-07 
5E-04 

2E-07 

5E-06 

IE-08 

3E-06 

OE+00 

IE-06 

2E-07 

5E-04 

p 

Ln 9 

O rt 
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Table G-22 - Estimated Doses and Potential Human Health Risks from Ingestion of Fish from Blair Waterway 

A. Potentially carcinogenic 
chemicals 

Estimated 
Surface Water 
Concentration 

in^g /L 

Fish Tissue 
Concentration 

in mg/kg 

Average RME Average RME 

Chronic DaUy Intake 
For Ingestion of Fish 

in mg/kg-day 

Average RME 

Upper-bound 
Lifetime Excess 

Cancer Risk 

Average RME 

p 
OQ 
rt 

o 
I 

Ln 
00 

ORGANICS 
Benzene 
Bis(2-ethylhexyl)phthalate 
PAHs - carcinogenic 
Vinyl clUoride 

INORGANICS 
Arsenic 
BeryUium 

B. Non-carcinogenic chemicals 

ORGANICS 
Bis(2-cdiyUiexyl)phthalate 
Formaldehyde 
PAHs - non-carclnogenle 
Toluene 
Xylenes 

INORGANICS 
Antimony 
Arsenic 
BeryUium 
Cadmium (in food) 
Chromium (III) 
Copper 
Manganese 
Nickel 
Zinc 

O-JOWXI/CUC 

4.4E-05 
l.IE-04 
5.4E-05 
I.8E-04 

I.OE-03 
2. IE-05 

l.IE-04 
1. IE-03 
9.9E-04 
6.0E-05 
5.8E-05 

I.8E-04 
I.OE-03 
2. IE-05 
1.4E-04 
3.3E-04 
2.6E-04 
6.1E-02 
2.5E-03 
2.9E-03 

7.0E-05 
2.6E-04 
7.3E-05 
2.6E-04 

I.6E-03 
2. IE-05 

2.6E-04 
2.2E-03 
1.7E-03 
I.IE-04 
I.IE-04 

3.8E-04 
I.6E-03 
2. IE-05 
2.0E-O4 
4.7E-04 
3.9E-04 
I.IE-OI 
4.0E-03 
4.2E-03 

2.3E-07 
2.8E-04 
I.6E-06 
2. IE-07 

4.5E-05 
4.0E-07 

1.2E-05 
O.OE+OO 
I.OE-05 
6.4E-07 
9.3E-06 

l ,8E-07 
4.5E-05 
4.0E-O7 
1.IE-05 
5.3E-06 
5.3E-05 
O.OE+00 
I.2E-04 
I.3E-04 

3.6E-07 
6.9E-04 
2.2E-06 
3.0E-O7 

7.0E-05 
4.0E-07 

3.0E-O5 
O.OE+00 
I.8E-05 
1.2E-06 
I.7E-05 

3.8E-07 
7.0E-05 
4.0E-07 
I.6E-05 
7.6E-06 
7.7E-05 
O.OE+00 
I.9E-04 
2.0E-O4 

2.7E-I2 
3.3E-09 
I.9E-II 
2.5E-I2 

2.1E-10 
4.6E-12 

I.2E-09 
O.OE+00 
I.OE-09 
6.2E-I1 
9.IE-10 

I.7E-I1 
I.7E-09 
3.9E-1I 
l.lE-09 
5.2E-I0 
5.1E-09 
O.OE+00 
1. IE-08 
I.3E-08 

3.3E-IO 
6.3E-07 
2.0E-09 
2.8E-I0 

2.6E-08 
3.6E-I0 

6.7E-08 
O.OE+00 
4.0E-O8 
2.7E-09 
3.9E-08 

8.5E-I0 
6.4E-08 
9.0E-I0 
3.7E-08 
I.7E-08 
I.8E-07 
O.OE+00 
4.3E-07 
4.5E-07 

TOTAL 
RISK 

HAZARD 
INDEX 

8E-I4 
5E-II 
2E-I0 
6E-I2 

4E-I0 
2E-II 

7E-10 

lE- l l 
9E-09 
2E-08 
6E-I0 

5E-08 
2E-09 

8E-08 

CDI:RfD Ratio 

Average 

6E-08 
OE+00 
3E-07 
3E-I0 
5E-10 

4E-08 
6E-06 
8E-09 
IE-06 
5E-I0 
IE-07 
OE+00 
6E-07 
7E-08 

8E-06 

RME 

3E-06 
OE+00 
IE-05 
IE-08 
2E-08 

2E-06 
2E-04 
2E-07 
4E-05 
2E-08 
5E-06 
OE+00 
2E-0S 
2E-06 

3E-04 

Lr\ 

9 
o 

X 
p 
: : 

n 
I 
rt 



Table G-23 Estimation of Quantities of Volatile Organic Indicator Chemicals in the Shallow Aquifer 

Nortii Site Area 

Chemical 

Vinyl clUoride 

Cw 
in mg/L Koc Kd 

Average 95%CL in L/kg in L/kg 

Cs 

in mg/kg 
Average 95%CL 

0.036 0.051 8 0.246 0.0089 0.013 

Mw 
in mg 

Average 95%CL 

3.2E+06 4.6E+06 

Ms 
in mg 

Average 95%CL 

2.2E+06 3.IE+06 

Mtotol 
in kg 

Average 95%CL 

5.4 7.7 

Ohio Ferro-Alloy/Pennwalt Area 

Chemical 

Benzene 
Toluene 
Xylene 

Cw 
in mg/L 

Average 95%CL 

0.0069 0.011 
0.0082 0.015 
0.0092 0.017 

Koc 
in L/kg 

83 
300 
238 

Kd 
in L/kg 

2.49 
9.00 
7.14 

Cs 
in mg/kg 

Average 95%CL 

0.017 
0.074 
0.066 

0.027 
0.14 
0.12 

Mw 
in mg 

Average 

I.OE+06 
I.2E+06 
1.3E+06 

95%CL 

1.6E+06 
2.2E+06 
2.5E+06 

Ms 
in mg 

Average 95%CL 

4.3E+06 6.8E+06 
1.8E+07 3.4E+07 
I.6E+07 3.0E+07 

Mtotal 
in kg 

Average 95%CL 

5.3 8.5 
20 36 
18 33 

p 
OQ 
rt 

O 
I 

Ln 

biput Parameters for Source Term Calculation 

Parameter Symbol North Site Area OFA/Pcnnwolt Areo 

Site Area 
Saturated thickness 
Total porosity 
Bulk density 
SoU organic cart>on 

O-llWKl/CUL 

A 
b 

pT 
BD 
foe 

49,300 ra2 
5.2 m 

0.35 
I.S gm/cm3 

0.03 

80,300 m2 
7 m 

0.35 
I.S gm/cm3 

0.03 

X 
p 

to O 
Ln 9 

9 ^ 
O rt 
^ I-l 



A
pp

en
di

x 
H

 

"•
-^

^
f"

 



Hart Crowser 
J-2350-07 

AFPENDKH 
BLAIR BACKUP TOXICITY PROFILES 

iiii 



Hart Crowser 
J-2350-07 

coNTHvrrs 

£a££ 

APPENDIX H H-l 

BLAIR BACKUP TOXICITY PROFILES 

Toxicity Profiles for the Chemicals of Potential Concem H-l 

TABLES 

H-l Smnmaiy of Relative Carcinogenic Potencies of PAH Compounds H-19 
Toxicity Equivalence Factors (TEFs) 

H-2 Difference in Upper-bound Lifetime Cancer Risk Using TEFs H-20 
Versus Total CPAHs 

Page H-i 



Hart Crowser 
J-2350-07 

APPENDIX H 
BLAIR BACKUP TOXICITY PROFILES 

Toxicity ProfUes for the Chemicals of Potential Concem 

Antimony 

Mammalian Toxicology and Regulatory Criteria. Humans and animals 
exposed orally or through inhalation to either trivalent or pentavalent forms 
of antimony displayed electrocardiogram (ECG) changes and myocardial 
lesions (EPA, 1980b). Pulmonary effects including pneumoconiosis have 
been observed in humans exposed by inhalation, and dermatitis has 
occurred in individuals exposed either orally or dermally. Oral 
administration of therapeutic doses in humans has been associated with 
nausea, vomiting, and hepatic necrosis (EPA, 1980b). A single report 
(Balyaeva, 1967) noted an increase in spontaneous abortions, premature 
births, and gynecological problems in 318 female workers exposed to a 
mixture of antimony metal, antimony trioxide, and antimony pentasulfide 
dusts. Absorption of antimony via oral and inhalation exposure is low 
(EPA, 1980b). The carcinogenicity of antimony has not been reviewed by 
the EPA. 

EPA (1991a) derived an oral RfD of 4 x 10"̂  mg/kg-day for antimony 
based on a chronic oral study in which rats given the metal in drinking 
water had altered blood glucose, altered blood cholesterol levels, and 
decreased lifespans. An uncertainty factor of 1,000 was used to derive the 
oral RfD. EPA has not developed an inhalation RfD for antimony. 

EPA has proposed maximum contaminant levels (MCL) of 0.01 and 0.005 
mg/L (two options proposed) for antimony. 

Aquatic Toxicology and Regulatory Criteria. The available data for 
antimony indicate that acute and chronic toxicity to freshwater aquatic life 
occur at concentrations as low as 9.0 and 1.6 mg/L, respectively, and 
would occur at lower concentrations among species that are more sensitive 
than those tested. Toxicity to algae occurs at concentrations as low as 0.61 
mg/L (EPA, 1991b). 

Arsenic 

Mammalian Toxicology and Regulatory Criteria. Trivalent arsenic 
compounds can be corrosive to the skin with prolonged contact. Acute and 
chronic exposure to inorganic arsenic via ingestion and inhalation can 
result in a variety of toxic effects, especially to moist tissues such as the 
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eyes and respiratory system. Arsemc is classified by the EPA as a group 
A carcinogen, meaning that sufficient evidence of carcinogenicity in 
exposed humans exists. Cancers have been observed in both the lung and 
skin. Reproductive and teratogenic effects have been observed in 
experimental animals given high doses of inorganic arsenic; however, such 
effects have not been observed in people with excessive occupational 
exposure to arsenic compounds. Little evidence of mutagenic effects of 
arsemc compounds have been observed (Sittig, 1985). 

Arsenic is classed as a group A carcinogen. EPA (1991a) has developed 
an inhalation unit risk of 4.3 (mg/nr')"' based on the occurrence of lung 
cancers in humans. An inhalation slope factor of 50 (mg/kg-day)"' was 
calculated from this unit risk by assuming inhalation of 20 m /̂day by a 70-
kg individual and an absorption rate of 30 percent. For oral exposures a 
unit risk of 5 x 10"* (mg/L)"' has been proposed by the EPA Risk 
Assessment Forum based on the occurrence of skin cancer in humans. An 
oral cancer slope factor of 1.75 (mg/kg-day)'' was calculated from this unit 
risk, assuming ingestion of 2 L/day by a 70-kg individual. This value was 
rounded to 2 for this assessment. 

For non-carcinogenic effects, an oral reference dose of 0.003 mg/kg-day 
has been established for both subchronic and chronic exposures (EPA, 
1990). This reference dose is based on keratosis and hyperpigmentation 
observed in humans exposed to 0.001 mg/kg-day. There is no uncertainty 
factor incorporated into the reference dose. 

EPA has established ambient water quality criteria for the protection of 
human health as follows: for the consumption of drinking water only the 
criterion is 2.5 x 10"̂  mg/L; for contaminated drinking water and fish the 
criterion is 2.2 x 10"* mg/L; and for contaminated fish consumption only 
the criterion is 1.75 x IO"* mg/L (EPA, 1991b). The existing maximum 
contaminant level (MCL) for total arsenic in drinking water is 0.05 mg/L. 

Aquatic Toxicology and Regulatory Criteria. Arsenic (IH) and (TV) 
acute toxicity to various species of freshwater fish range ftxsm 0.812 to 
97 mg/L. Acute toxicities of arsenic to freshwater plants fall into a similar 
range. Low to moderate bioconcentration factors and a short half-life of 
arsenic in fish tissue suggest that arsenic residues should not be a problem 
to predators of aquatic life (EPA, 1991b). 

Freshwater organisms should not be adversely effected if the four-day 
average concentiation of arsenic (IU) does not exceed 0.19 mg/L and the 
1-hour average concentration does not exceed 0.36 mg/L more than once 
every three years on average. Insufficient information is available to 
derive numerical national water quality criteria for arsenic (V) or any 
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organic forms of arsenic. Inorganic arsenic (V) is acutely toxic to 
freshwater fish at 850 /xg/L, and an acute-chronic ratio of 28 has been 
measured for the fatiiead minnow (EPA, 1991b). 

Beryllium 

Mammalian Toxicology and Regulatory Criteria. Beryllium is classified 
in group B2 -- probable human carcinogen based on sufficient evidence of 
carcinogenicity in animals and limited evidence of carcinogenicity in 
humans (EPA, 1990). Inhalation of beryllium has been shown to induce 
cancer in rats and monkeys. Subchronic exposure of animals to beryllium 
sulfate at a concentration of 40 ug/m^ resulted in pneumonitis, as did 
exposure to beryllium oxide powder at a concentration of 30 mg/m .̂ 

For carcinogenic effects, an oral slope factor of 4.3 (mg/kg-day)'' has been 
established by Uie EPA (1991a) based on tumors in rats exposed to 5 mg/L 
in drinking water for a lifetime. An inhalation slope factor of 8.4 (mg/kg-
day)"' has been established by EPA (1990) based on lung tumors in humans 
exposed occupationally. 

An oral RfD of 5 x 10"̂  mg/kg-day was developed by EPA (1991a) based 
on a no observed adverse effect level (NOAEL). Thus, no critical 
endpoint was identified for this chemical. An uncertainty factor of 100 
was used to develop the RfD. No inhalation Rfd has been developed by 
EPA. 

A maximum contaminant limit goal and a maximum contaminant limit of 0 
and 0.001 mg/L, respectively, have been proposed. 

Aquatic Toxicology and Regulatory Criteria. The available data for 
beryllium indicate that acute and chronic toxicity to freshwater aquatic life 
occurs at concentrations as low as 0.130 and 0.053 mg/L, respectively, and 
would occur at lower concentrations among species that are more sensitive 
than those tested. Hardness has a substantial effect on toxicity. For the 
above criteria a hardness value of 100 mg/L was used (EPA, 1991b). 

Cadmium 

Mammalian Toxicology and Regulatory Criteria. Cadmium is poorly 
absorbed by the skin or upon ingestion, but is well absorbed upon 
inhalation. Once absorbed cadmium is retained in the kidneys and liver 
and may result in kidney damage. Cadmium is a respiratory tract irritant. 
Acute inhalation exposures can cause severe respiratory irritation, while 
chronic exposures can lead to a form of emphysema. Several effects have 
been observed in experimental animals exposed to cadmium including liver 
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and central nervous system damage, testicular atrophy, testicular 
neoplasms, teratogenic effects and hypertension. 

The EPA (1991a) has classified cadmium as a probable human carcinogen 
(Group Bl) via the inhalation route, and has identified a 10^ risk at an air 
concentration of 6 x 10"' mg/m .̂ This was converted to a carcinogenic 
slope factor of 6.1 (mg/kg-day)*' by assuming inhalation of 20 m /̂day for a 
70-kg individual. This value is based on an increased incidence of 
respiratory tract tumors observed in occupationally exposed workers. 

EPA (1991a) has developed oral reference doses for cadmium in water and 
in food. An oral RfD for water of 5 x 10^ mg/kg-day has been established 
based on observed renal damage in humans. EPA (1991a) also derived an 
oral RfD for cadmium in food of 1 x 10"' mg/kg-day. An uncertainty 
factor of 10 was used to derive both values (EPA, 1991a). EPA has not 
developed an inhalation RfD for cadmium. 

The current MCL for cadmium is 0.01 mg/L, with a reduction to 0.005 
mg/L effective July 30, 1992. 

The water quality criterion for cadmium associated with consumption of 
both contaminated water and aquatic organisms is 0.01 mg/L. No water 
quality criterion has been established for consumption of aquatic organisms 
only. 

Aquatic Toxicology and Regulatory Criteria. Due to the chemical 
similarity of cadmium to zinc, Callahan et al. (1979) reports that following 
uptake in aquatic organisms cadmium may disrupt normal metabolic 
functions. Freshwater acute values for 44 genera range from 0.001 mg/L 
for rainbow trout to 28.0 mg/L for the mayfly. Freshwater aquatic plants 
are affected by cadmium at concentrations ranging from 0.002 to 7.40 
mg/L (EPA, 1991b). 

EPA criteria (1991b) stipulate that, except where a locally important 
species is very sensitive, freshwater aquatic organisms and their uses 
should not be affected unacceptably if the 4-day average concentration of 
cadmium does not exceed the numerical value given by ê '̂ f̂"*"*̂ '̂"''*'''* 
more than once every three years on average and if the one-hour 
concentration does not exceal the numerical value given by 
gO.i23nn0uniae«))-3.»2«) ̂ lore than once every three years on average. At a 
hardness of 100 mg/L the 4-day average criterion is 0.0011 mg/L, and the 
1-hour average criterion is 0.0039 mg/L (EPA, 1991b). 
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Chromium 

Mammalian Toxicology and Regulatory Criteria. Trivalent chromium is 
found in biological tissues and is essential in trace concentrations for 
carbohydrate metabolism. Trivalent chromium is not known to be. 
converted to the hexavalent form in biological tissues. However, the 
hexavalent form readily crosses cell membranes and is reduced 
intracellularly to trivalent chromium. The hannful effects of chromium 
have been attributed to the hexavalent form, however, the mechanism by 
which toxic effects are manifest are not fully known. 

In some individuals chromium acts as an allergen resulting in dermatitis. 
Hexavalent chromium can enter the body by ingestion, inhalation, and 
through the skin. Irritation of the respiratory system can result from acute 
inhalation exposures. 

Hexavalent chromium is classed as a known human carcinogen (Group A) 
due to increased incidence of lung cancer associated with occupational 
inhalation exposure. Using a multistage model, EPA (1991a) identified a 
10"* at a concentration of 8 x 10"* mg/m^ in air. This was converted to an 
inhalation slope factor of 41 (mg/kg-day)"' assuming inhalation of 20 
m /̂day by a 70-kg individual. Ingested hexavalent chromium is not 
considered carcinogenic. 

Based on a study using rats, the EPA has established an oral RfD for 
chronic exposure to hexavalent-chromium of 5 x 10"̂  mg/kg-day. This 
value was established based on an uncertainty factor of 500, TTiis RfD is 
limited to soluble salts of hexavalent chromium. The EPA states that 
confidence in the RfD is low due to several shortcomings in the rat 
bioassay. The foremost shortcoming is the lack of an observed effect in 
die highest dose used in the study (EPA, 1991a). 

An oral RfD of 1 mg/kg-day has been established for acute exposure to 
trivalent chromium. The standard is based on hepatotoxicity to rats. Like 
the study on hexavalent chromium, confidence in this oral RfD has been 
listed as low largely due to the absence of any effect at the highest dose 
used in the study. An uncertainty factor of 100 is applied in establishing a 
subchronic value to account for expected interhuman and interspecies 
variability in the toxicity of the chemical. An additional modifying factor 
of 10 is used to establish the chronic value. The RfD only applies to 
insoluble salts of metallic tiivalent chromium (EPA, 1991a). 

Inhalation RfCs of 2 x 10"* mg/m' were listed by EPA (1990) for botii 
trivalent and hexavalent chromium. Both RfCs were based on occurrence 
of nasal mucous atrophy in humans. An effect was noted at a 
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concentration of 0.714 /xg/m-' Cr(VI) in air. The basis for applying this 
value to trivalent chromium was not stated. . 

An MCL of 0.05 mg/L (total chromium) has been established and an MCL 
of 0.10 mg/L has been proposed by the EPA. 

For consumption of contaminated aquatic organisms, the water quality 
criterion for trivalent chromium is 3,433 mg/L. For water and fish 
consumption, ambient water quality criteria for protection of human healtii 
have been established at 170 mg/L. Ambient water quality criteria for 
hexavalent chromium has been established at 0.05 mg/L for water and fish 
consumption (EPA, 1991a). 

Aquatic Toxicology and Regulatory Criteria. Acute values for trivalent 
chromium are available for 20 freshwater species in 18 genera and range 
from 2.22 mg/L for the mayfly to 71.06 mg/L for the caddisfly. 

Acute toxicity values for hexavalent chromium are available for 27 
freshwater genera and range from 0.023 mg/L for a cladoceran to 1,870 
mg/L for a stonefly. Reduced growth in chinook salmon was observed at 
0.016 mg/L. The bioconcentration factor for rainbow trout was less than 3 
(EPA, 1991b). 

For hexavalent chromium, freshwater organisms should not be adversely 
effected if the four-day average concentration does not exceed 0.05 mg/L 
more than once every three years. 

Hardness has a significant influence on trivalent chromium toxicity, with 
soft water producing greater toxic effects. The trivalent chromium 4-day 
average concentiration not to be exceeded more than once every three years 
for a hardness of 100 mg/L is 0.210 mg/L (EPA, 1991b) for freshwater 
organisms. Given a hardness value, the criterion is calculated by: 

g(0.gl90(Io(hudoea)l+-1.561) 

QQPPer 

Mammalian Toxicology and Regulatory Criteria. Copper is a necessary 
micronutrient for humans, and potential toxic effects only occur at 
relatively high exposure levels (EPA, 1991b; Callahan et al., 1979). Due 
to inadequate toxicity data, no confirmed toxicity criteria for use in risk 
assessment have been developed by the EPA for copper. However, EPA 
cites an oral RfD of 3.7 x 10"̂  mg/kg-day based on the drinking water 
standard of 1.3 mg/L. 
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Regarding carcinogenicity potential, EPA has classified copper as a Group 
D (not classifiable) compound, due to inadequate data (EPA, 1991a). 

Neither an MCL nor a water quality criterion for protection of human 
health has been established for copper. The secondary (aesthetic) drinking 
water standard for copper is 1.0 mg/L. 

Aquatic Toxicology and Regulatory Criteria. Ionic forms of copper 
present in water can be toxic to aquatic life at low concentrations. The 
aqueous toxicity of copper is dependent upon a variety of physical and 
chemical factors influencing copper ion activity, including water hardness, 
pH, suspended particulate matter, and dissolvexl colloidal materials. Only 
a fraction of the total copper present in most ambient waters is typically 
bioavailable and thereby toxic. 

Based on existing aquatic toxicity information, EPA (1991b) has 
established a hardness-dependent freshwater criterion for copper of 0.012 
mg/L (at 100 mg/L as CzCOj) as a 4-day average not to be exceeded more 
than once every three years on average. Given a hardness value, the 
criterion is determined by et°****[»<'"'*̂ >i-'*««. 

Lead 

Mammalian Toxicology and Regulatory Criteria. Of greatest concem 
regarding chronic exposure to lead is the effect on the central nervous 
system. Changes in EEG brain wave pattems and CNS evoked 
neurophysiologic deficits in children have been observed at blood lead 
levels of 30 to 50 /xg/L (Burchfiel et al., 1980). The EPA office of Healtii 
and Environmental Assessment has stated that "levels in certain blood 
enzymes and in aspects of children's neurobehavioral development may 
occur at blood lead levels so low as to be essentially without a threshold." 
Therefore it was "considered inappropriate to develop a reference dose for 
inorganic lead" (EPA, 1991a). 

Blood lead levels of children have been shown to be correlated with 
environmental lead levels and the magnitude of adverse health effects. 
EPA has recently changed the "maximum safe blood lead level" for 
pediatric exposures from 30 micrograms lead per deciliter (/xg/dl) of blood 
to 10 to 15 /xg/dl. Since children in urban areas often exhibit blood lead 
levels in excess of this new pediatric exposure guideline (Glass, 1984), all 
sources of ambient lead exposure are of concem. 

Teratogenic and reproductive effects have been observed in studies 
conducted with mice and rats. In addition reproductive effects including 
increases in spontaneous abortions, premature delivery, and early 
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membrane rupture have been observed in epidemiological studies (EPA, 
1984b). 

The EPA has classified lead as a probable human carcinogen (Group B2) 
based on sufficient animal evidence but insufficient human evidence. The 
most characteristic cancer response was a renal carcinoma. Most 
investigations observed a carcinogenic response at only the highest doses 
indicating that lead is not a particularly potent carcinogen. Due to die 
uncertainties and individual variability in evaluating the uptake and 
distribution of lead in the body, the effect of different nutritional states, 
and the effect of previous body burdens, EPA's Carcinogen Assessment 
Group recommends that a quantitative risk assessment not be used to 
evaluate the carcinogenic effect of lead (EPA, 1991a). 

The ambient water quality criteria established for die protection of human 
health is identical to the MCL in drinking water of 0.05 mg/L. 

Aquatic Toxicology and Regulatory Criteria. The toxicity of lead in 
freshwater has been shown to be dependent on water hardness. Increasing 
toxicity is associated with decreasing CaCOj concentrations. 

At a hardness of 50 mg/L die acute sensitivity of 10 species of fish range 
from 0.142 mg/L for an amphipod to 235.9 mg/L for a midge. Chronic 
toxicity values range from 0.012.3 to 0.128.1 mg/L for the cladoceran. 
Four species of freshwater algae are effected by lead concentrations greater 
than 0.500 mg/L. Spinal deformities have been observed in rainbow trout 
at 0.013 to 0.027 mg/L (28 mg/L CaCOj). Available bioconcentrations 
factors range from 42 to 1,700 (EPA, 1991b). 

Water hardness-dependent criteria have been developed for lead. At 50 
mg/L CaCOj the chronic concentration would be 0.0032 mg/L, and the 
acute concentiration would be 0.082 mg/L (EPA, 1991b). The numerical 
values are given by e»"̂ P°<'"'**">'-''**°>. 

Manĵ anese 

Mammalian Toxicology and Regulatory Criteria. Manganese is an 
essential trace element considered necessary for human health. Daily 
manganese intake in the diet ranges from 2 to 9 mg (WHO, 1973). 
Manganese dust and fumes are minor irritants to the eyes and mucous 
membranes of Uie respiratory tract. Chronic exposures to manganese dust 
or fumes may result in a wide array of nervous system symptoms which 
can progress into a Parkinson-like syndrome. Wide variation in 
susceptibility among exposed workers to such effects has been observed 
(Sittig, 1985). Neurological effects from oral exposure to manganese have 
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been observed in humans consuming drinking water contaminated with high 
levels of manganese fix)m battery acids (EPA, 1991a). 

EPA (1991a) has developed a chronic oral RfD of 0.1 mg/kg-day, based 
on epidemiological studies in humans that show no adverse effects at a 
dose of 0.14 mg/kg-day. No uncertainty factors were used to derive this 
RfD. EPA (1991a) has also developed a chronic inhalation RfD of 
1.1 X 10^ mg/kg-day for manganese, based on increased prevalence of 
respiratory symptoms and psychomotor disturbances in workers exposed to 
inorganic manganese. Uncertainty and modifying factors of 300 and 3, 
respectively, were used to derive the inhalation RfD. 

No indication of carcinogenicity or teratogenicity of manganese was located 
in the literature (EPA, 1991a). Manganese has been classified as a Group 
D carcinogen - not classifiable as to human carcinogenicity. 

A secondary MCL of 0.05 mg/L has been set by the EPA, 

Aquatic Toxicology and Regulatory Criteria. Freshwater tolerance 
values for manganese range from 1.5 to over 1,000 mg/L, Because 
manganese ions are rarely found at concentrations exceeding 1 mg/L, 
manganese is not normally a problem in fresh water (EPA, 1991b), EPA 
has not proposed a numerical ambient water quality criterion for 
manganese. 

Mercury 

Elemental, inorganic, and organic forms of mercury exists, with each form 
displaying different toxicological effects. 

Mammalian Toxicology and Regulatory Criteiria. Elemental mercury 
exposure can result in respiratory effects such as coughing, pain and 
bronchitis, and central nervous system effects such as tiremors, irritability, 
and insomnia. Inorganic mercury is a skin and mucous membrane irritant. 
Acute inhalation exposures to inorganic mercury can result in respiratory 
effects such as bronchitis. Chronic exposure to inorganic forms of 
mercury may result in gingivitis, sialorrhea, increased irritability, and 
muscular tremors. 

Organic forms of mercury are of greater toxicological importance than 
inorganic forms. Alkyl compounds are primary skin irritants which may 
result in second-degree bums. The principal systemic effect resulting from 
organic mercury exposure relate to the central nervous system. The effects 
progress from tremors and convulsions to sensory disturbances and finally 
irreversible brain damage (Sittig, 1985). 
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Although inorganic mercury may be converted to organic forms by 
microbial action in certain environments, Uiere is no reason to assume that 
these processes are occurring in site soils. Thus, toxicity factors for 
inorganic mercury will be used in Uiis assessment, 

EPA (1990) developed oral and inhalation RfDs for inorganic mercury of 
3 X 10^ and 9 x 10"* mg/kg-day, respectively. An uncertainty factor of 
1,000 was applied to derive the oral reference dose, while an uncertainty 
factor of 30 was applied to derive the inhalation reference dose. The oral 
criterion is based on oral and parenteral studies which observed kidney 
effects in rats. The inhalation criterion is based on neurotoxicity observed 
in humans exposed occupationally to 0.009 mg/m' (EPA, 1990). 

To protect human health Uie EPA has established a federal water quality 
criteria of 1.44 x 10^ mg/L for protection from water and fish 
consumption and 1.46 x 10"̂  mg/L for fish consumption only. The 
maximum contaminant level for mercury is 0.002 mg/L. 

Aquatic Toxicology and Regulatory Criteria. Acute toxicity values for 
28 genera of freshwater animals to mercury (II) range from 0.0022 mg/L 
for Daphnia pulex to 2 mg/L for Uiree insects. Limited available data for 
various organomercury compounds and mercurous nitrate indicate that 
these compounds are 4 to 31 times more toxic Uian mercury (II). 
Methylmercury is the most chronically toxic mercury compound with 
7.0 X 10"* mg/L being toxic to brook trout. Freshwater plants appear to be 
less sensitive to mercury (H) than are freshwater animals. A 
bioconcentration factor of 4,994 has been reported for mercury (II), For 
methylmercury bioconcentration factors of 4,000 to 85,000 have been 
reported (EPA, 1991a). 

The available data for mercury (total) indicate Uiat, except where a locally 
important species is very sensitive, acute and chronic toxicity to freshwater 
aquatic life occurs at concentrations as low as 1,2 x 10"* and 2.4 x 10"' 
mg/L, respectively (EPA, 1991b). 

Molybdenum 

Mammalian Toxicology and Regulatory Criteria. Molybdenum is 
considered to be an essential trace element in many species, including man. 
Insoluble molybdenum compounds (e,g., disulfides, oxides, and haUdes) 
have low toxicity, while soluble molybdenum compounds (e,g,, sodium 
molybdate) and freshly generated molybdenum fiimes are more toxic. 
High concentrations of molybdenum trioxide dust have caused weight loss, 
diarrhea, loss of muscular coordination, and a high mortality rate in 
animals. Excessive intake of molybdenum may produce signs of copper 
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deficiency. Molybdenum trioxide may produce irritation of the eyes and 
mucous membranes of the nose and throat (Sittig, 1985), 

An oral RfD for molybdenum has been set at 0.004 mg/kg-day based on 
changes in biochemical indices observed in humans exposed to 0.050 
mg/day in drinking water (EPA, 1990). No uncertainty factor was ^>plied 
in deriving the criterion. 

Aquatic Toxicology and Regulatory Criteria. No aquatic toxicological 
data or regulatory criteria were found in the literature, 

micM 

Mammalian Toxicology and Regulatory Criteria. Nickel refinery dust is 
considered by EPA to be potentially carcinogenic, and has been accorded a 
Group A (known human carcinogen) status for inhalation exposures. The 
slope factor for inhalation exposures established by EPA is 0,84 (mg/kg-
day)"' (EPA, 1990). Inadequate toxicologic evidence exists to support 
carcinogenicity of Uiis compound by the oral route. 

A chronic oral RfD of 0.02 mg/kg-day was derived for soluble salts of 
nickel by EPA (1991a) based on decreased body weight in a feeding study 
of rats and dogs. Uncertainty and modifying factors of 100 and 3 were 
appUed to derive Uiis factor. No inhalation RfD has been developed for 
nickel. 

No MCL currentiy exists for nickel; however, an MCL and MCLG of 0.1 
mg/L have been proposed. The water quality criterion for nickel 
associated with consumption of contaminated aquatic organisms is 0.1 
mg/L. For consumption of water and fish the EPA criteria for protection 
of human healUi is 0.0134 mg/L. 

Aquatic Toxicology and Regulatory Criteria. Nickel has an affinity for 
both inorganic and organic complexes, with the latter forming perhaps Uie 
dominant environmental fate in aquatic systems. Bioaccumulation of this 
compound is considerably less than with other metals (measured BCF in 
freshwater fish of 47:1). 

To protect freshwater aquatic life hardness-dependent criteria have been 
developed. At 100 mg/L CaCOs, Uie 24-hour average concentration should 
not exceed 0.096 mg/L, and the concentration should not exceed 1.8 mg/L 
at any time. Given a hardness value, the 24-hour average concentration 
value is given by e'°̂ *f'°'*'*"'~">"-̂ '* ° ,̂ and the concentration not to be 
exceeded at any time is given by Q̂ °-''('fin(\,Mr,î )+*.ar> ^ p ^ ^ I991b). 
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Zinc 

An essential trace element in all organisms, zinc in bioaccumulated in all 
organisms (measure BCF for freshwater fish of 1,000:1). Zinc is one of 
the most important trace nutrients in living organisms, with over 25 zinc-
containing enzymes identified. 

Mammalian Toxicology and Regulatory Criteria. Similar to copper, 
zinc is a necessary micronutrient for humans, and potential toxic effects 
appear to occur only at relatively high exposure levels. Due to inadequate 
toxicological data Uie EPA (1991a) has classified zinc as a Group D 
carcinogen. 

A chronic oral RfD for zinc has been established at 0.2 mg/kg-day based 
on anemia in humans exposed to therapeutic doses of 2.14 mg/kg-day. An 
uncertainty factor of 10 was applied in deriving the criterion (EPA, 1990). 
No inhalation RfD is available for zinc. 

No MCL currentiy exists for zinc, although a secondary water quality 
criterion of 5.0 mg/L has been established by EPA. 

Aquatic Toxicology and Regulatory Criteria. Ionic forms of zinc present 
in water can be toxic to aquatic life at low concentrations, and toxicity is 
dependent upon a variety of physical and chemical factors which influence 
the ion activity, including water hardness, pH, suspended particulate 
matter, and dissolved colloidal materials. 

EPA (1991b) has established a hardness-dependent criterion for zinc of 
0.12 mg/L (at 100 mg/L as CaCoj) which should not be exceeded more 
than once every Uiree years on average. Given a hardness value the 
criterion is calculated by e'°**^P°('"" '̂i*°''*'*\ 

Benzene 

Manunalian Toxicology and Regulatory Criteria. While benzene liquid 
is a skin, eye, and upper respiratory irritant, and acute exposure to boizene 
may result in central nervous system depression, carcinogenicity is the 
primary health concem. The primary toxicologic endpoint which forms the 
basis for human toxicology criteria from both oral and inhalation exposures 
to benzene is leukemia. The verified potency slope for both pathways is 
2.9 X 10-̂  (mg/kg-day)-' (EPA, 1991a). 

EPA has not developed oral or inhalation RfDs for benzene. 
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EPA has determined a drinking water MCL of 0.005 mg/L for benzene 
and proposed an MCLG of zero to reflect its status as a human carcinogen. 
The groundwater cleanup standard under the Washington State Model 
Toxics Conttt)l Act (MTCA) Metiiod A is also set at 0.005 mg/L. 

EPA has estimated water quality criteria for the protection of human health 
(corresponding to a one-in-a-million lifetime cancer risk) of 0.04 mg/L for 
consumption of fish/shellfish alone and 6.6 x 10^ mg/L for Uie 
consumption of both contaminated fish/shell fish and contaminated drinking 
water (EPA, 1991b). 

Aquatic Toxicology and Regulatory Criteria, Aquatic life criteria for 
benzene (approximately 5,300 /xg/L for freshwater acute toxicity) are much 
less restrictive than those based on human health considerations. No data 
are available with which chronic toxicity to benzene can be evaluated 
(EPA, 1991b). 

Bis(2-eth ylh exyDuhthalate 

Mammalian Toxicity and Regulatory Criteria. Bis(2-ethylhexyl) 
phthalate is also classified in Group B2, probable human carcinogen, based 
on sufficient evidence of carcinogenicity in animals and inadequate 
evidence in humans. The oral slope factor is 0.014 (mg/kg-day)"', based 
on liver tumors observed in mice exposed by ingestion (EPA, 1991a). 
This chemical is also considered a Group B2 carcinogen by inhalation; 
however, no inhalation slope factor is available. 

The oral RfD for bis(2-eUiylhexyl)phthalate is 0.02 mg/kg-day, based on 
increased relative liver weight in guinea pigs exposed by ingestion (EPA, 
1991a). An uncertainty factor of 100 was used to protect against 
interspecies variation (from guinea pig to man), and for protection of 
sensitive human subpopulations. An additional uncertainty factor of 10 
was applied because the guinea pigs were not exposed for a full lifetime , 
and the effect observed was considered minimally adverse. 

Under Uie Clean Water Act, the EPA (1991a) has established criteria for 
the protection of human health from water and fish consumption at 15 
mg/L, and for consumption only at 50 mg/L, 

Aquatic Toxicity and Regulatory Criteria. Lowest observed effect levels 
for acute exposures are 0.94 mg/L, and for chronic exposures are 0.003 
mg/L (EPA, 1991a). Toxic effects are expected to occur for species which 
are more sensitive than Uiose tested. 
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Formaldehyde 

Mammalian Toxicity and Regulatory Criteria. Formaldehyde gas may 
cause severe irritation of the mucous membranes of the respiratory tract 
and eyes. An oral reference dose has been established at 0.2 mg/kg-day 
based on reduced weight gain and histopathology observed in rats given 
formaldehyde in drinking water (EPA, 1991a). An uncertainty factor of 
100 was applied to account for inter- and intraspecies variations in toxicity. 

Formaldehyde has also been classified in group Bl, probable human 
carcinogen based on linuted evidience of carcinogenicity in humans by both 
the oral and inhalation exposure routes. An oral slope factor of 0.03 
(mg/kg-day)"' has been set based on nasal cavity tumors observed in 
rodents (EPA, 1990). The inhalation slope factor has been set at 0.045 
(mg/kg-day)"' based on squamous cell carcinomas observed in rats (EPA, 
1991a). 

Aquatic Toxicity and Regulatory Criteria. No toxicological data or 
criteria for protection of aquatic life were found in the literature. 

Polycyclic Aromatic Hydrocarbons (PAHs) 

PAHs are large group of stmcturaUy related organic compounds consisting 
of annealed aromatic (benzene) rings. The toxicity of different PAH 
compounds has been shown to be related to the chemical structure of the 
compound. Of the PAHs listed as priority pollutants, sufficient data exist 
to allow classification by Uie EPA of seven high molecular weight PAH 
compounds (HPAHs) as probable (Group B2) carcinogens: 
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(a)pyrene, dibenzo(a,h)anUiracene, and indeno(l,2,3-c,d)pyrene. An 
additional nine PAHs are classified as non-carcinogens: naphthalene, 
acenaphthalene, acenaphthene, fluorene, phenanthrene, anthracene, 
fluoranthene, pyrene, and benzo(g,h,i)perylene. 

Because benzo(a)pyrene (B(a)P) is considered to be Uie most potent and 
most common occurring of the carcinogenic PAHs, a conservative method 
for evaluating the effects of carcinogenic PAHs is to use benzo(a)pyTene as 
a surrogate and assume Uiat all other carcinogenic PAHs are equally toxic. 
This approach is necessary because Uiere is not information of sufficient 
quality for all carcinogenic PAHs to allow a quantitative evaluation of each 
compound. 

For the non-carcinogens, naphthalene is considered to be the most toxic 
PAH. It is therefore commonly used to evaluate risks from all non
carcinogenic PAHs in a conservative manner. 
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Mammalian Toxicology and Regulatory Criteria for Benzo(a)pyrene. 
The EPA classifies benzo(a)pyrene in Group B2, probable human 
carcinogen based on sufficient evidence of carcinogenicity in all nine 
species of experimental animals for which data are reported. Slope factors 
of 11.5 (mg/kg-day)"' for oral exposures and 6.1 (mg/kg-day)"' for 
inhalation exposure, have been proposed by the EPA based on respiratory 
tract tumors in exposed hamsters and stomach cancers in exposed mice. 
These values are currentiy being reviewed by the EPA, are not presentiy 
reported in IRIS (EPA, 1991a) or HEAST (EPA, 1990), and are not 
regarded as verified for use in quantitative risk assessments. 

Use of Toxicity Equivalence Factors (TEFs) in Risk Assessment of 
CPAHs. Although use of TEFs in the evaluation of CPAH risk is 
currentiy under EPA review, EPA has used a similar TEF approach of 
estimating risk associated with exposures to other constituents such as 
PCBs and dioxins Uierefore justifying use of the TEF approach. 
Assessment of human health risk of mixtures, using the TEF approach, 
involves the following steps: 

• Analytical determination of PAHs; 

• Multiplication of sample concentrations by the TEFs listed in Table H-l 
to express concentration in terms of Benzo(a)pyrene (BaP) equivalents; 

• Summation of the above to obtain total BaP equivalents in the sample; 

• Determination of human exposure (expressed in terms of BaP 
equivalents); and 

• Combining exposure with toxicity information on BaP (usually 
expressed as carcinogenicity) to estimate risk associated with the PAH 
mixture. 

However, since the applicability of the TEF approach to PAH is currentiy 
under EPA review, for the purposes of completeness, we also conducted 
the risk assessment using total CPAHs, The differences in risks calculated 
using both approaches for each area are summarized in Table H-2, 

Mammalian Toxlcology and Regulatory Criteria for Naphthalene. 
Acute exposure to naphthalene can result in headaches, dizziness, and 
related effects. Systemic effects from chronic exposures include cataracts 
and intemal lesions; however, such systemic effects have only been 
observed in laboratory animals. 
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An oral RfD of 4 x 10"' mg/kg-day for chronic exposure to n^hthalene has 
been established based on ocular and intemal lesions observed in exposed 
rats (EPA, 1990). An uncertainty factor of 10,000 was used to derive Uie 
criterion. Such a large uncertainty factor indicates extremely low 
confidence in the available toxicological data, and the need to apply this 
criterion with caution. 

Aquatic Toxicology and Regulatory Criteria. For total PAHs acute 
toxicity to salt water aquatic life occurs at concentrations as low as 0.3 
mg/L (EPA, 1991b). Effects are expected to occur at lower concentrations 
for some sensitive species and for chronic exposures. 

Insufficient toxicologic data are available to evaluate freshwater toxicity for 
total PAHs. Limited toxicologic data for naphthalene indicate that acute 
toxicity to freshwater aquatic life occurs at concentrations as low as 2.3 
mg/L, and chronic toxicity would occur at concentrations as low as 0.62 
mg/L (EPA, 1991b). Effects are expected to occur at lower concentrations 
for some sensitive species. 

Toluene 

Mammalian Toxicity and Regulatory Criteria. The oral RfD for toluene 
is 0.2 mg/kg-day (EPA, 1991a). This value is based on a subchronic 
gavage assay in rats from which a no observed adverse effect level 
(NOAEL) of 223 mg/kg-day and a lowest observed adverse effect level 
(LOAEL) of 446 mg/kg-day were established. The critical effects in Uiis 
study were changes in liver and kidney weights. Confidence in the RfD is 
classified as medium, and an uncertainty factor of 1,000 was incorporated 
into the RfD to account for species differences, subchronic to chronic 
extrapolation, and because limited reproductive and developmental toxicity 
observations were performed. 

EPA (1990) reported an inhalation RfC of 2 mg/m' based on central 
nervous system effects and eye irritation in humans. An uncertainty factor 
of 100 was used to derive this value. This RfC was converted to an RfD 
of 0.6 mg/kg-day by assuming inhalation of 20 m'/day by a 70-kg 
individual. 

Toluene is classified as a Group D (not classified) carcinogen, based on Uie 
lack of human data and inadequate animal data (EPA, 1990). Toluene has 
not produced positive results in the majority of genotoxic assays reported. 

Healtii advisories have been established by Uie EPA Office of Drinking 
Water for toluene. The 1-day health advisory for a child is 20 mg/L. The 
drinking water equivalent level for toluene is 7 mg/L. A proposed 
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maximum contaminant level of 1.0 mg/L has been established for toluene 
(effective July 30, 1992) under Uie Safe Drinking Water Act. Under Uie 
Clean Water Act, ambient water quality criteria for protection ftx)m 
freshwater and fish consumption is 14,3 mg/L, while for fish consumption 
only tiie criteria is 424 mg/L (EPA, 1991b), 

Aquatic Toxicity and Regulatory Criteria. The available toxicologic data 
for toluene indicate that acute toxicity to freshwater aquatic life occurs at 
concentrations as low as 17,5 mg/L and would occur at lower 
concentrations for some sensitive species. A chronic value has not been 
established for freshwater (EPA, 1991b). 

Vinyl Chloride 

Mammalian Toxicology and Regulatory Criteria. In experimental 
animals, inhalation exposure to high levels of vinyl chloride can induce 
narcosis and death. Lower doses result in ataxia, narcosis, congestion, 
edema of the lungs, and hyperemia of the liver. Chronic inhalation 
exposure of workers to vinyl chloride is associated with hepatotoxicity, 
central nervous system disturbances, pulmonary insufficiency, 
cardiovascular toxicity, gastrointestinal toxicity, and acro-osteolysis. 

EPA has classified vinyl chloride in Group A — known human carcinogen 
based on adequate evidence of carcinogenicity from epidenuological 
studies. EPA (1990) reported an oral cancer potency factor of 1.9 (mg/kg-
day)"' based on liver tumors observed in rats fed 10 to 50 mg/kg vinyl 
chloride. EPA (1990) has also calculated an inhalation unit risk of 8.4 x 
10"* (mg/m')"' based on lung tumors in rats exposed via inhalation for 1 
year. This was converted to a cancer slope factor of 0.295 (mg/kg-day)"' 
by assuming inhalation of 20 m' by a 70-kg individual. EPA has not 
established oral or inhalation RfDs for vinyl chloride. 

EPA has established a MCL of 0.002 mg/L for vinyl chloride and an 
MCLG of zero, based on its known carcinogenicity in humans. The EPA 
(1991b) standard for Uie protection of human health firom drinking water 
and ingestion of aquatic organisms is 0.002 mg/L. 

Aquatic Toxicity and Regulatory Criteria. EPA has not established an 
aquatic protection criterion for vinyl chloride. 

Xylenes 

Mammalian Toxicology and Regulatory Criteria. Xylene vapor may 
cause irritation of Uie eyes, nose, and throat. Acute exposure to xylene 
vapor may cause central nervous system depression. EPA (1990) reports a 
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^<ii0' chronic inhalation RfC for mixed xylenes of 0.3 mg/m' based on central 
nervous system effects and nose and throat irritation in humans. This was 
converted to an RfD of 0.9 mg/kg-day by assuming inhalation of 20 
m'/day by a 70-kg individual. The chronic oral reference dose established 
by the EPA is 2.0 mg/kg-day, based on hyperactivity, decreased body 
weight, and increased mortality in exposed rats (EPA, 1991a). Uncertainty 
factors of 100 were used to derive both criteria. 

Marine Toxicology and Regulatory Criteria. No criteria for xylenes are 
available. 
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Table H-l - Summary of Relative Carcinogenic Potencies of PAH Compounds 

Oral Exposures 
Acenapthene 
Acenapthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fIuoranthene 
Bcn2o(g ,h, i)pcrylene 
B«izo(k)fluoranthene 
Chrysene 
Dibenzo{a,h)anthracene 
Ruoranthene 
Fluorene 
Indeno( 1,2,3-cd)pyrene 
Napthalene 
Phenanthrene 
Pyrene 

Inhalation Exposures 
Acenapthene 
Acenapthylene 
Anthracene 
Benzo(a)anthracene 
Bcnzo(a)pyTcne 
Benzo{b)fluoranth6ne 
Benzo(g ,h, i)perylene 
Benzo(k)fluoranthene 
Chrysene 
D ibcnzo(a, h)anthracene 
Fluoranthene 
Fluorene 
Indeno{ 1,2,3-cd)pyrene 
Napthalene 
Phenanthrene 
Pyrene 

Carcinogoiic Status 
EPA (a) 

— 
D 
D 

B2 
B2 
B2 
D 

B2 
B2 
B2 
D 
D 

B2 
D 
D 
D 

— 
D 
D 

32 
B2 
B2 
D 

B2 
B2 
B2 
D 
D 

B2 
D 
D 
D 

IARC(b) 

3 
3 
4 
1 
1 
1 

— 
1 
2 
1 
4 
3 
1 
4 
3 
4 

3 
3 
4 
1 
1 
1 

— 
1 
2 
1 
4 
3 
1 
4 
3 
4 

Carcinogenic Potency Factor 
(mg/kg 

Multi-stage 

6.10E+00 (a) 

I.15E+01 (a) 

-dayM 
Two-Stage 

4.53E-01 (d) 

3.20E+00 (d) 

Relative (c) 
Potency 

Fjttimwtcs 

0.145 
1.000 
0.115 
0.018 
0.053 
0.004 
1.110 

0.078 

0.145 
1.000 
0.115 
0.018 
0.053 
0.004 
1.110 

0.078 

Reference 

Bingham nnd Falk (1969) 

Dwifsch-Wcnzel et al. (1983) 
Deutsch-Wenzel et al. (1983) 
Deutsch-Wenzel et al. (1983) 
Wynder and Hoffman (1959) 
Wynder and Hoffmon (1959) 

Dcutsch-WenzrJ et al. (1983) 

Bingham and Falk (1969) 

Deutsch-Wenzel et al. (1983) 
Deutsch-Wenzel et al. (1983) 
Deutsch-Wenzel et al. (1983) 
Wynder and Hoffmnn (1959) 
Wynder and Hoffman (1959) 

Deutsch-Wetoel et al. (1983) 

'"W^ 

Notes: 
(a) As reported by EPA (1986a) (Superfund Public Health Evaluation Manual), and EPA 1986d 

(Health Effects Assessment for PAHs and EPA personal communication 1990). 
(b) Based on the classification used by the Intemational Agency for Research on Cancer (IARC), where: 

1 = sufficient animal evidence of carcinogenicity; 
2 => limited animal evidence of carcinogenicity; 
3 3 Inadequate evidence to permit evaluation of carcinogenicity; 
4 = no evidence of carcinogenicity. 

(c) Thorslund. personal communication (1989). 

PAH.WKl/CLr 
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Table H-2 - EHffereoce in Uf^r-bound Lifetime Cancer Risk Using TEFs Versus Total CPAHs 

Land Use Scenario/ 
Exposure Pathway 

Current Use 

-Dust Inhalation 

Future Use 

-Dust Inhalation 

-Direct Contact - Soils 

-Direct Contact - Sediment 

BUir Property 
Area 

OFA/Pennwalt 

OFA/Pennwalt 

North Site 

General Fill 

OFA/Pennwalt 

Pennwalt/Ag-
Chem Ditch 

OFA Ditch 

Average or 
RME 

RME 

Average(a) 

RME(a) 

Average 

RME 

Average 

RME 

Average(a) 

RME(a) 

Average(b) 

RME(b) 

Average 

RME 

RME 

Uppra^bound Lifetime 
Cancer Risk TEFs 
CPAHs 

7 x 1 0 - 7 

5 x 1 0 - 6 

3 x 1 0 - 5 

6x10-7 

6x10-6 

1 X 10-7 

2 x 1 0 - 6 

3 x 1 0 - 5 

6x 10-4 

3 x 1 0 - 6 

3 x 1 0 - 5 

2 x 1 0 - 7 

2 x 1 0 - 6 

1x10-5 

Ui^r-boimd Lifetime 
Cancer Risk 
Total CPAHs 

1 x 10-6 

6 x 1 0 - 6 

5 x 1 0 - 5 

1 x 1 0 - 6 

1 x 1 0 - 5 

2 x 1 0 - 7 

2 x 1 0 - 6 

1 x 1 0 - 4 

2 x 1 0 - 3 

4 x 1 0 - 6 

5 x 1 0 - 5 

2 x 1 0 - 7 

2 x 1 0 - 6 

1 x 1 0 - 5 

Notes: 
(a) With charcoal samples. 
(b) Without charcoal samples. 

2350TH3.wkl 
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APPENDIX I 
HISTORICAL SITE DEVELOPMENT 
OHIO FERRO-ALLOY FACILITY 
BLAIR BACKUP PROPERTY 

Historical Outline 

Prior to development of the Ohio Ferro-Alloy (OFA) plant in 1941, the 
property was owned by Pierce County and, for less than a year, by the 
Port of Tacoma. The Port purchased the property in October 1940. 
OFA announced contracts for electrical power and the factory site in 
February 1941 with construction slated for April (Tacoma Times, 1941). 
The originally proposed plant location was between the Wapato (Blair) 
Waterway and Alexander Street immediately south of 11th Street. No 
records were found regarding the subsequent selection of the Taylor 
Way property, but the plant produced its first batch of ferro-chrome 
alloy in July 1941 (Tacoma Times, 1949) at the latter site. 

The focus of the plant for its first 8 years of operation was production 
of ferro-chrome, although ferro-silicates also appear to have been made. 
During World War II, the ferro-chrome alloys were used for 
manufacturing armor plating for tanks and weapons (Tacoma Ledger, 
1953). By 1949, the operation focused on silicon metals and ferro-
silicon alloy, although some ferro-chrome apparently was still produced. 
Two fumaces operated continuously and produced between 1,000 and 
1,200 tons of alloys each month. Both the ferro-chrome and the ferro-
silicon were poured into conical molds. The chrome ingots weighed 6 
tons each, while silicon was formed at 1.5 tons each. A smaller briquet 
product casting was added in late 1948. 

A new raw-materials mixing building was constructed sometime shortly 
after 1950 to the east of the fumace building. Offloading and storage of 
raw materials as well as mixing previously occurred along the north side 
of the furnace building. 

Very few details on the operation of the plant were found relating to 
the 1950s and 1960s. Discussions with local historians indicate that a 
multiple-alarm fire occurred on the property in January 1963. We were 
unable to establish details of the extent of damage suffered. OFA 
threatened to close the plant in 1966 due to increasing electrical rates, 
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'•#Jiî  the cost of transporting raw materials, and the effects of foreign 
competition. 

The plant continued to operate until at least 1971 when their pennit to 
discharge wastes to the Hylebos Waterway was renewed. By July of 
1973, however, OFA was seeking offers for purchase of the plant and 
had contacted the Port of Tacoma as a prospective buyer. A letter in 
Port files suggest that OFA was dismantling portions of the facility by 
August 1973 as the "baghouse" (air emission filtration system) was 
reportedly removed and possibly sold to a foundry in Oregon. The Port 
acquired the property in September 1974 contingent on completion of 
demolition by OFA, and the parcel was subsequently accepted in 
February 1975. 

Plant Facilities 

The original plant consisted of the electric fumace house containing two 
fumaces, ore storage areas serviced by two rail spurs on the north 
margin of the property, batching bins and conveyer chutes north of the 
fumace house. A small, possibly oil-fired, furnace was located west of 
the main building. Other structures included a compressor house and 
transformer switch yard (4 circuits switching 25,000KVA at 13,800 volts), 
a water tank, two water coolers, a laboratory for quality control testing, 
an office, and ancillary product storage buildings (Figures I-l and 1-2). 
Two main fumace transformers were located in vaults adjacent to the 
north side of the fumace house. Raw materials were delivered by rail 
on the north side, processed through the fumaces, and stored on the 
south side near a second shipment rail spur. 

The raw materials spur extended west along a retaining wall 
embankment that curved south about 600 feet west of the fumace 
building (Walker & Associates, 1946). It appears that the area between 
the retaining wall and the fumace was designated for disposal of waste 
slags and unsuitable materials. The slag materials periodically were 
leveled and formed a base for storage of the coal and scrap iron used in 
the manufacturing process. 

Additional slag fill appears to have been placed south of the fumace 
building and subsequently formed suitable land for plant improvements. 
The majority of buildings on the facility remained intact throughout the 
plant's operation. The small fumace, however, was demolished in the 
1940s and a briquet molding fumace added southwest of the main plant. 
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Sometime in the 1950s a new batcher (mixing) house was added near 
the south side of the fumace building, replacing the smaller open-air 
batching facilities to the north. It included new conveyor systems 
cormected to the roof of the fumace house. Another rail spur was 
constructed to service the new batcher. Aerial photos provided by the 
Port suggest that the 60,000-gallon water tower servicing the plant was 
demolished about the same time that the new batch house was 
constructed. 

FerrO'AUoy Operations 

The specifics associated with the ferto-alloy processing at the Tacoma 
plant are not well known. According to the Tacoma Times (1949) the 
company was using "an exclusive patented process...(for) making of a 
highly popular silicon mold cast metal." Nevertheless, the general 
process associated with ferto-alloy smelting is similar throughout the 
industry and is also similar regardless of whether ferro-chrome or ferro-
silicons are desired. 

Manufacturing. These alloys are made by the endothermic reduction of 
ari oxide ore with carbon in an electric fumace. The standard fumaces 
use a submerged-arc electrode process to melt the prepared mix. In 
addition to the oxide materials (either chromium ore or silica in the 
form of quartzite), the major manufacturing ingredients are coke or coal 
(as a reducing agent) and iron scrap. In some cases, wood chips may 
be added to the mix. 

The 1971 discharge permit application for OFA indicated that they 
were using coal, silica rock, petroleum coke, and refuse wood in their 
process. Earlier publications (Tacoma Times, 1949) indicate raw 
chromium imports from the Philipines, New Caledonia, the Union of 
South Africa, Turkey, and the Soviet Union. Quartzite was quarried in 
Chewelah, Washington arid Dennison, Colorado. Coke was imported 
from Utah. Another reported source for quartzite was Rockport, 
Washington (Tacoma Ledger, 1953). 

The batch mixes typically are melted in an open-top electrical arc 
smelting fumace and, when thoroughly melted, poured to molds. 
According to a note contained in the Port of Tacoma files, the OFA 
plant had two fumaces, one rated at 12,000 kilowatt capacity, the other 
at 9,000 kilowatt. Specifics on these fumaces could not be established, 
but fumaces generally were constructed with steel outer shell lined with 
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firebrick. A thin layer of sand and asbestos separated the lining fi'om 
the shell. The bottom fumace lining consisted of a layer of firebrick 
overlain by courses of carbon blocks. The carbon material, cemented 
by packed paste, extended up the lower side walls to a point above the 
expected area of melt. A well-maintained lining could last 5 to 6 years 
at which time the bricks would be removed and scrapped (Robiette, 
1973). A former Port employee remembers stacks of whitish fire brick 
at the plant and indicated that they were available free for reuse by 
locals. 

Carbon pack electrodes averaging around 3 feet in diameter extended 
into the mix. The electrodes generally were manufactured on site, and 
there is no reason to believe that OFA operated differently. The 
electrodes, operating on a three phase system, provided the arc heat to 
melt the raw materials. Some fumaces were water cooled to increase 
electrode durability. It appears that the OFA plant used a recirculating 
cooling system. Overflow discharge from this system, however, occurred 
at least in the later years of operation. Their discharge permit 
application indicates approximately 60,000 gallons per day were fed into 
a ditch on the south side of the property. The ditch connected with the 
Hylebos Waterway. 

Air emission concems in the 1960 resulted in installation of a cloth filter 
dust collection system. In addition, the discharge permit indicates that 
fines recovery was occurring using water and settling ponds in the i960s, 
with a discharge also about 60,000 gallons per day. One aerial photo 
taken during this period shows a contained pond immediately west of 
the spoils pile retaining wall area. A note on the apphcation indicates 
that the company intended to pelletize and reprocess this material from 
the settling ponds. 

Products. Ferro-alloys serve as a deoxidizing and degasification agent 
and as an alloying material in a metal smelting process. As used in the 
industry for either fumace or ladel charges, "chunks" of varying sizes of 
ferro-alloy are introduced to the molten metal. At the OFA plant, 
products were cast into large ingots, as noted above, or into smaller 
briquets. Thinner pan-molded slabs also may have been produced in 
later years. Although when used in the steel industry, ferro-alloys may 
be introduced in a crushed form, there was no indication that this 
operation occurred at the OFA plant. 

The ferro-silicon alloys are manufactured in a variety of grades 
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based on sihcon content ranging from 15 to 90 percent. Silicon metal 
achieves a 96 to 98 percent silicon content by definition. The remainder 
of the product is chiefly iron with small amounts of other elements that 
depend on the nature of the raw materials. Other elements include 
aluminum, calcium, titanium, carbon, phosphorous, and trace metals 
such as chromium, manganese, nickel, and copper. 

Waste Materials. Waste materials depend on the specific ferro-alloy 
under production. Most residuals are a result of impurities that are 
skimmed as slags. Silicon alloys are noted as being relatively slag-free 
due to the high purity of the quartzite ore (Gate, 1981). Manganese 
and chromium ores, however, contain impurities that are separated 
through a flux process into a slag. Burnt lime and alumina are 
sometimes used as fluxing agents. 

Other waste materials are associated with the casting process and plant 
maintenance. These include sands, fireclay and graphite patch 
materials, carbon, and firebrick from the fumace linings. 

OFA Demolition 

We reviewed Port of Tacoma records and interviewed Mr. William 
Kittrel and Mr. George Yaconetti regarding demolition of the plant and 
subsequent site preparation. 

Demolition of the facility was handled through OFA as part of the 
purchase agreement stipulations. Port estimated demolition costs were 
about $100,000. Two firms, Lige Dickson Co. and Rhine Co. were 
reviewing the property in November 1973 preparatory to submitting 
bids. Estimates were to assume a salvage value for above-ground 
improvements. 

No specific records were found covering the actual demolition. This 
apparently occurred prior to mid-January 1975 when Port 
correspondence with OFA noted that there was much remaining debris 
on site and that pictures of the unsuitable condition were being 
forwarded. The situation apparently was rectified by the end of 
February, as the property was deemed safisfactory for Port use. Mr. 
Yaconetti indicated that, to the best of his knowledge, demolition 
materials were sent to either the General Metals or the Simon recycling 
operation. Only the former office building along Taylor Way was left 
standing. 
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Those interviewed had limited recollections of site regrading or filling 
subsequent to demolition. Mr. Kittrel remembered discussions about 
grading the materials/slag piles along the northem edge of the property 
toward the south. 

Port files dated July 1976 include an estimate for using about 144,000 
cubic yards of fill on the site from the Manke property northeast of the 
Hylebos Waterway. The material firom this area was considered good 
clean fill, but Mr. Yaconetti indicated that, to the best of his knowledge, 
Manke fill was not used. One undated aerial photo in the Port 
collection, however, suggest filling and grading did occur. The photo 
depicts site preparation for a log storage yard south and east of the 
OFA plant area, which currently is outside property boundaries. This 
area fomierly had wetland channels, and appears from the photograph 
to have received some gravel materials. In addition, the photograph 
shows a series of linear pile dumps on the southem edge of the former 
slag pile and west of the then demolished fumace building. Tmcking 
roads pass over the former fumace house location to the area of the 
dumped material. The nature of the piles could not be determined, and 
the area has since been graded. No indications of building debris were 
noted in any of the post-demolition photographs. 

Asbestos Issues 

We were unable to find pictures or records showing the detailed 
constmction of the OFA plant and particularly the interior of the 
fumace building. None of the interviewees had experience with or 
recollections of the interior of buildings. Use of asbestos-containing 
materials (ACM) at the facility is possible if not probable, although 
amounts may have been Hmited. The fumaces themselves may have 
included some asbestos lining; in the 1960s, the company introduced an 
improved protective glove as a worker safety measure, and these may 
have included ACM. Additional material might have been included in 
venting stmctures and cooling water retum pipes. 

A review of the literature shows pictures of possibly similar plant 
facilities. The fumace buildings are universally unprotected bare steel 
and iron stmctures with no extensive amounts of insulating materials 
visible. 

The interview process, photo review, and the demolition by the owner 
under terms of the purchase agreement suggest that most if not all 
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improvement mbble was removed fi-om the property. Consequently, we ''' 
would not expect extensive ACM materials to remain on the property, 
although limited amounts associated primarily with piping might occur. 
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APPENDIX! 
FORMALDEHYDE ANALYSIS ASSESSMENT 

MEMORANDUM 

DATE: August 12, 1991 

TO: Ms. Leslie Sacha, Port of Tacoma 

FROM: Cathy Kiley and Mike Ehlebracht, Hart Crowser, Inc. 

RE: Formaldehyde Analytical Method Comparison Study and Occurrence of 
Formaldehyde in Port of Tacoma Shallow Groimdwater 
J-2350-07 

INTRODUCTION 

The purpose of this technical memorandum is to discuss the formaldehyde analytical 
method evaluation study conducted by Hart Crowser and to siunmarize our 
understanding of the occurrence of formaldehyde in Port of Tacoma shallow 
groundwater systems. As part of the Phase 1 (Hart Crowser, 1989a and 1989b) Port 
of Tacoma Tribal Property Transfer Project, we identified formaldehyde as being of 
potential concem on the Blair Backup property due to its usage on the adjacent 
Reichhold facility. During subsequent investigations, we analyzed groundwater 
samples collected firom the Blair Backup property for formaldehyde. We also 
analyzed groimdwater samples collected from the East-West Road and Taylor Way 
properties for formaldehyde to provide data on "local reference" conditions. No 
major anthropogenic sources of formaldehyde are known to exist on or adjacent to 
these properties. 

Formaldehyde concentrations in groundwater samples collected as part of our initial 
investigations, including samples coUected from the East-West Road and Taylor Way 
properties, were often much higher than the levels detected on the Reichhold facility 
and exceeded MTCA groundwater cleanup levels. We investigated possible sources 
for these elevated concentrations and found that the methods used to detect and 
quantify formaldehyde (including the Hantzsch Reaction method used in the initial 
investigations) are subject to matrix interferences and misidentification. We then 
conducted a study comparing the three most commonly used formaldehyde analytical 
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methods (Hantzsch Reaction, NIOSH Method 3500, and RCRA Draft Method 8315) 
to assess which is more accurate and less prone to matrix interferences. 

Results of this study indicated that the RCRA method was the most defensible and 
least prone to interferences. Groundwater fi'om the Blair Backup property was 
resampled and analyzed for formaldehyde using the RCRA method. Results were 
compared to formaldehyde concentrations observed in Port of Tacoma (Port) 
groundwater local reference samples. Although formaldehyde levels observed in Blair 
Backup groundwater were generally within the range of concentrations measured in 
the Port local reference samples, they often exceed MTCA groundwater or surface 
water cleanup levels. We believe that these elevated concentrations of formaldehyde 
are derived primarily from global or natural sources or are a result of analytical 
matrix interferences and misidentification of formaldehyde. 

Data supporting these conclusions are presented in the following sections. We have 
divided this technical memo into seven sections. Following this introduction, we 
present a brief description of the three common formaldehyde methods followed by a 
summary of our method evaluation study scope of work and results. The next two 
sections discuss the results of our formaldehyde local reference study and the 
occurrence of formaldehyde in the Port of Tacoma area. We conclude this technical 
memo with a discussion of factors which affect formaldehyde concentrations in 
groundwater and a summary of our conclusions. Details of our Port of Tacoma 
groundwater background sampling study are presented in Appendix D to the Blair 
Backup property report. Data validation results are presented in Attachment J-l. 

FORMALDEHYDE ANALYTICAL METHODS 

Hantzsch Reaction. This test method, developed by an American Standards Testing 
Methods (ASTM) committee for determining formaldehyde concentrations in water, 
uses the Hantzsch Reaction to extract samples. Acetylacetone reagent is added to 
the water sample and the mixture is agitated and heated. After cooling, the 
absorbance of ultraviolet (UV) light at a particular wavelength by the sample solution 
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is measured using a spectrophotometer. Additional extraction procedures may be 
used for turbid or colored samples. 

Matrix interferences can occur if the samples are turbid and/or colored. Color and 
turbidity in the water increases the scattering of light and decreases the amoimt of 
light reaching the detector. Normally, a decrease in the light measured at the 
detector indicates an increase in absorbance by the compound. However, when the 
sample is turbid or colored, this decrease in absorbance may incorrectly be attributed 
to high concentrations of formaldehyde. Thus, measured formaldehyde 
concentrations may be higher than actual sample concentrations. 

Negative interferences occur when the formaldehyde in solution reacts with phenols, 
sulfites, alcohols, and aromatic hydrocarbons also in solution to form compounds not 
measured by this method. Thus, in the presence of these compounds, the calculated 
concentration of formaldehyde may be much less than the actual concentration. 

NIOSH Method 3500. This method involves an extraction of samples using a 
chromotropic acid reagent mixture. Originally, this method was developed for air 
seimple analysis, but it has also been used for aqueous samples. A spectrophotometer 
is used to measure the absorbance of UV light at a particular wavelength. 

Matrix interferences may result in incorrect measurements of formaldehyde. 
Suspended particulate matter scatters light, reduces the amount of light reaching the 
detector, and causes a false positive measurement of formaldehyde. Color in solution 
causes light to be absorbed at the wavelength used in cahbration and quantification, 
leading to inaccurate quantification of formaldehyde. Formaldehyde may actually 
form in samples that have a high organic content (lignins), thus increasing the amount 
of formaldehyde in solution. Interference by ligmns is not eliminated by distillation. 
Formaldehyde and formaldehyde polymers also form under acidic condition (pH<5 J ) 
as well as during distillation process when heat is generated. In these instances, the 
measurements of formaldehyde may be greater than the actual levels found in the 
sample. 
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Negative interference will occur when reactive compounds including alcohols, phenols, 
and aromatic hydrocarbons combine with formaldehyde in solution to produce 
compounds that are not measured by this method. The measured concentration may 
actually be less than the actual sample formaldehyde concentration. 

RCRA Draft Method 8315. Formaldehyde concentrations are determined using High 
Performance Liquid Chromatography (HPLC) to separate the analyte fi-om other 
matrix compounds. Derivatization of formaldehyde in the sample is accomplished by 
reacting the sample solution with 2,4-Dinitrophenylhydrazine (DNPH). Liquid-liquid 
or sohd sorbent extractions are performed to isolate the formaldehyde fi-action. 

The predominant matrix interference occurs during the extraction process. Emulsions 
may form during the hquid-liquid extractions causing incomplete separation of the 
formaldehyde fi-om the solution. The solid sorbent extraction does not form 
emulsions. 

Interferences in the quantification of formaldehyde also result firom the incomplete or 
degraded derivatization of the samples and standards. This causes the detected 
concentration of formaldehyde to be lower than the actual amount. 

FORMALDEHYDE ANALYTICAL METHOD EVALUATION STUDY 

Selection of Sampling Locations. As part of the method evaluation study, Hart 
Crowser sampled groundwater from 10 wells and analyzed the samples for 
formaldehyde using the three different testing methods to determine which is more 
accurate and less prone to matrix interferences. The following ten wells were selected 
for formaldehyde sampling: 

• Blair Backup Property - ShaUow Wells HC-7S, HC-IOS, HC-13S, HC-17S, and 
EPA-7S; 

Blair Backup Property - Intermediate WeUs HC-31, HC-141, and EPA-101; 
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• East-West Road Property - WeU TW-5; and 

• Taylor Way Property - WeU TW-1. 

These wells were selected for sampling based on four major considerations: Phase II 
formaldehyde results; spatial distnlDution; aquifer type; and sample recovery. We 
coUected samples exhibiting a wide range of reported formaldehyde concentrations 
with an emphasis on samples identified as containing high levels of formaldehyde. 
Selected weUs from the East-West Road and Taylor Way properties and from 
different areas of the Blair Backup property were sampled to evaluate groundwater 
samples with varying geochemical characteristics and potential matrix interferences. 
Both shaUow and intermediate aquifers were sampled on the Blair Backup property. 
Several of the shaUow weUs on the Blair Backup property (including weUs HC-IS and 
HC-2S) did not contain an adequate volume of water for sampling during the dry 
season. 

Chemical Analyses. Samples were analyzed for formaldehyde and total suspended 
soUds. Groundwater pH, temperature, specific conductivity, and dissolved oxygen 
were measured in the field. One duplicate sample and one field blank were also 
submitted for formaldehyde analysis. 

Fonnaldchyde Analytical Testing. Laucks Testing Laboratories (Laucks) analyzed 12 
samples for formaldehyde using the Hantzsch Reaction and NIOSH Method 3500 
techniques. Sphts of these samples were also analyzed for formaldehyde by Analytical 
Technologies, Inc. (ATI) using RCRA Draft Method 8315. The ATI-Fort CoUins 
laboratory modified the RCRA 8315 method sUghtiy by substituting acetonitrile for 
ethanol as the solvent in the DNPH reaction solution. Ethanol used by ATI was 
found to contain low levels of acetaldehyde which caused method blank problems. 
Acetonitrile did not contain acetaldehyde and produced cleaner method blanks. 

Quality Control Data Review. We reviewed the quahty of the data relative to control 
limits specified in the methods or by the laboratories. A detaUed discussion of the 
data review is presented in Attachment J-l. EPA's review of the formaldehyde data 
and Lauck's reply to EPA comments are also presented in Attachment J-2. We 
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determined that the laboratory data generated from analysis of groundwater samples 
were vaUd for purposes of formaldehyde method comparison study. However, matrix 
interference problems were encountered using the Hantzsch reaction and NIOSH 
Method 3500 methods. Since spike recoveries for the NIOSH method were below 
50%, aU formaldehyde concentration results generated using this method were 
qualified as estimated (J). The vaUdity of the NIOSH method data should be 
considered suspect. 

Discussion of Results. Results indicate that the Hantzsch Reaction Method 
overestimated the formaldehyde concentrations by 30 to 270 times compared with the 
NIOSH 3500 and RCRA Draft methods (Table J-l). For example, reported 
formaldehyde concentrations m TW-1 were 55 fig/L (RCRA method), 175 /tg/L 
(NIOSH method) and 9,600 figfL (Hantzsch Reaction). The RCRA Draft method 
generaUy reported the lowest concentrations of formaldehyde. 

AU three methods are susceptible to matrix interferences. Turbidity and/or color was 
noted in most samples. Qeanup procedures which may diminish the interferences 
were not performed for the Hantzsch Reaction and NIOSH methods. Because these 
methods use colorimetric techniques, they are probably affected by turbidity and 
natural color in the sample. Severe matrix interferences were observed by the 
laboratory using the NIOSH method. However, we did not find a statistically 
significant correlation (r̂  < 0.5 using linear comelation) between sample turbidity 
measured as total suspended solids (TSS) and reported formaldehyde concentrations 
using the three methods. 

Differences observed in the formaldehyde results produced by the three methods are 
probably due to matrix interferences. As discussed previously, the Hantzsch Reaction 
and NIOSH methods are much more susceptible to matrix interferences and 
misidentification of formaldehyde than the RCRA method. Because shaUow 
groundwater sampled during this investigation was typicaUy turbid and appeared to 
contain high levels of organics derived from decaying plant materials, we beUeve that 
quantifying formaldehyde using colorimetric teclmiques under these conditions is 
inappropriate. The RCRA Draft method is a more selective method for analyzing 
formaldehyde and is least affected by these conditions. Therefore, the RCRA Draft 
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method 8315 was selected as the method of choice and was used for aU formaldehyde 
determinations in subsequent investigations. 

SUMMARY OF PORT OF TACOMA FORMALDEHYDE LOCAL REFERENCE 
STUDY 

Hart Crowser sampled 10 weUs to provide general background reference levels for 
dissolved metals and formaldehyde in shaUow groundwater located in the Port of 
Tacoma industrial area. The 10 weUs were selected based upon accessibiUty, location 
relative to properties of interest, lack of exposure to local industrial activity, and 
depth of screened interval. WeUs in the area between the PuyaUup River and the 
upland bounding Marine View Drive were targeted because they Ue within the same 
regional hydrogeologic system as the properties of interest. A detailed description of 
the study including a map of sample locations and analytical results are presented in 
Appendix D in the Blair Backup property report. 

Formaldehyde was detected in seven of the ten reference weUs with concentrations 
ranging from 5.8 to 60 ^g/L, using the RCRA method (Table J-2). The highest 
concentration was detected in weU MP-1 located in an undeveloped parcel of land 
south of the East-West Road property. 

OCCURRENCE OF FORMALDEHYDE IN THE PORT OF TACOMA AREA 

Detected formaldehyde concentrations in groundwater samples coUected from Taylor 
Way and East-West Road properties are within the range of formaldehyde 
concentrations (<5 to 60 Mg/L) encountered in the Port of Tacoma reference study. 
There are no known major anthropogenic sources of formaldehyde on or adjacent to 
these properties (Hart Crowser, 1991b and 1991c). 

On the Blair Backup property, formaldehyde was detected in 20 of 23 groundwater 
samples coUected in the shaUow aquifer, and in 7 of 20 samples in the intermediate 
aquifer. Only four of the groundwater samples (HC-5S, HC-12S, HC-13S, and 
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EPA-9S) coUected from the Blair Backup property exceeded the range of 
formaldehyde concenfrations reported in the Port reference study. The highest 
detected concenfration of formaldehyde (260 /tg/L) was observed in weU MW-13S 
located in the central portion of the site. No known major anthropogenic sources of 
formaldehyde exist on the Blair Backup property. Formaldehyde is handled at the 
Reichhold faciUty and has been detected in groundwater samples coUected from this 
site at concentrations ranging from 60 to 440 t̂g/L. However, it is imlikely that 
formaldehyde has migrated from the Reichhold site to the Blair Backup shaUow 
aquifer because: 

• The Reichhold Ditch intercepts most of the shaUow groundwater flowing from the 
Reichhold faciUty; and 

• The highest formaldehyde concentrations were detected in the central and 
northem portions of the site and not in the area adjacent to Reichhold. 

No samples coUected in the Blair Backup property Intermediate Aquifer exceeded 
the range of formaldehyde concentrations reported in the Port reference study. 

The source of formaldehyde (if actuaUy present) to the Blair Backup property and 
Port of Tacoma shaUow groundwater sampled during our investigations is unknown. 
It is possible that there is a natural or global source of formaldehyde to the area or 
that the analytical method is actuaUy quantifying some other material as 
formaldehyde. Potential natural or global sources of formaldehyde are discussed in 
the foUowing section. 

FACTORS AFFECTING FORMALDEHYDE CONCENTRATION IN 
GROUNDWATER 

Global Sources of Formaldehyde. The presence of formaldehyde is ubiquitous in the 
environment particularly in the atmosphere. Natural sources of formaldehyde include 
forest fires, animal wastes, microbial products, and plant remains. The major source 
of formaldehyde to the atmosphere is automobile emissions. Combustion processes 
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emit formaldehyde as weU as hydrocarbons which are then converted to formaldehyde 
through photooxidization in the atmosphere (Howard et al., 1989; Kitchens et al., 
1976). Because formaldehyde is highly soluble in water, it wiU be washed out of the 
atmosphere with rainfaU and may eventuaUy be incorporated into groundwater. 

Environmental Fate of Formaldehyde. Formaldehyde in aqueous solutions generaUy 
biodegrades to low levels within a few days (Howard et al., 1989). At this time, the 
rate of biodegradation of formaldehyde in soils is unknown. However, there is some 
evidence of formaldehyde degradation by bacteria in soUs (Atias and Bartha, 1987). 
Because degradation of formaldehyde is so rapid, it is unlikely that formaldehyde 
found in remote areas away from continuous atmospheric or other sources has been 
transported as formaldehyde. However, formaldehyde may occur in these areas due 
to the degradation of more stable formaldehyde-forming compounds (Howard et al., 
1989; Kitchens et al, 1976). 

Formaldehyde is very unstable in aquatic environments. Chemical processes such as 
oxidation-reduction, depolymerization, and addition reactions, occur in the 
groundwater as it contacts geologic units. Formaldehyde is a reducing agent that can 
be oxidized to formic acid. Oxidation-reduction reactions also occur between 
formaldehyde and metal ions and other easily reduced compounds. Polymers of 
formaldehyde and formaldehyde can undergo polymerization and depolymerization 
reactions that alter the amount of formaldehyde in solution. In addition, 
formaldehyde and its polymers can readUy react with other aqueous compounds such 
as alcohols, phenols, ammonia, urea, and aromatic hydrocarbons, to form other 
compoimds. Because formaldehyde is so unstable, its concenfration in solution is 
exfremely variable. 

Formaldehyde and related compounds are utUized and produced in a number of 
metaboUc pathways by certain microorganisms. Methanogens, in particular, assimUate 
formaldehyde and formic acid as nutrient sources. During periods of increased 
anaerobic activity, marked changes in the concentration of formaldehyde in solution 
can occur (Atlas and Bartha, 1987). 
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Sources of Formaldehyde in the Port of Tacoma Area. There are no known historical 
or current anthropogenic sources of formaldehyde on any of the properties of 
interest. As discussed previously, it does not appear that formaldehyde detected on 
the Tn"bal Land Transfer properties are derived from Reichhold. Whfle it is possible 
that Reichhold operations could have released some formaldehyde to the Blair 
Backup property via groundwater fransport or potential dumping of 
formaldehyde-containing materials (we have no evidence that this has ever occurred), 
it is extremely unlikely that Reichhold operations could be responsible for 
formaldehyde concentrations detected in the East-West Road and Taylor Way 
properties as weU as the Port of Tacoma background areas. 

The apparent wide-spread distribution of formaldehyde in the Port of Tacoma area 
suggests that the global processes discussed pre-viously such as atmospheric deposition 
may act as sources. Degradation of organic matter associated with the tideflats and 
the log sorting operations may also act as a widespread source of formaldehyde to the 
Port area. The presence of high levels of organic materials in groundwater also 
increases the UkeUhood for analytical matrix interferences resulting in the quantitation 
of other materials as formaldehyde. 

SUMMARY 

The range of formaldehyde concentrations detected in the properties associated with 
the Port of Tacoma Tn"bal Property Transfer projects are consistent with local 
reference concentrations reported by Hart Crowser as part of the Port of Tacoma 
reference study. It is believed that these background concentrations are either 
derived from natural or global sources or are due to analytical interferences which 
result in quantifying other compounds as formaldehyde. In either case, we do not 
beUeve that remedial action based on the presence of formaldehyde is feasible or 
appropriate for the East-West Road, Taylor Way, and Blair Backup properties. 
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Table J-l - Formaldehyde Analytical Method Comparison Results Sheet 1 of 2 

Sample ID: HC-13S HC-31 HC-141 HC-IOD 
Field Blank 

HC-IOS HC-7S HC'17S 

maldehyde m figiL 
Hantzsch Reaction 
NIOSH Method 3500 
RCRA Draft Method 8315 

8,300 
100 J 
130 

560 
180 J 

17 

4,600 
180 J 
30 

200 U 
20 UJ 

5 U 

10,000 
130 J 
79 

1,200 
70 J 
40 

9,400 
40 J 
35 

Total Suspended Solids in mg/L 960 210 1,100 2 U 3.100 190 160 

Field Parameters 
pH 
Speciflc Conductivity in /xmhos/cm 
Temperature in °C 
Dissolved Oxygen in mg/L 

4.4 
4,000 

13 
4.5 

Notes: 
U 
J 
NA 

6.7 
14,800 

11 
4.7 

6.6 
16.900 

12.3 
3.5 

Not detected at indicated detection limit 
Indicates an estimated value. 
Not analyzed. 

NA 
NA 
NA 
NA 

6.9 
2.100 

12.0 
5.7 

6.6 
900 
12.6 
5.2 

6.0 
1,200 

11.6 
3.8 

FOiiULD.WlCl 

(-1 
I 

X 

^ O 
Ln g 

9 ^ 
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Table J-l - Formaldehyde Analytical Method Comparison Results Sheet 2 of 2 

Sample ID: 

Formaldehyde in /xg/L 
Hantzsch Reaction 
NIOSH Method 3500 
RCRA Draft Method 8315 

EPA-7S 

5,100 
50 J 
25 

EPA-101 

970 
150 J 

11 

EPA-111 
Duplicate 
of EPA-101 

670 
180 J 

9 

TW-5S 

4,000 
100 J 

17 

TW-IS 

9,600 
170 J 
55 

Total Suspended Solids in mg/L 370 250 420 1,300 4,300 

Field Parameters 
pH 
Specific Conductivity in /imhos/cm 
Temperature in "C 
Dissolved Oxygen in mg/L 

6.5 
740 
11.6 
3.6 

6.7 
10,400 

10.7 
3.4 

NA 
NA 
NA 
NA 

6.7 
750 
12.6 
2.2 

6.6 
710 
13.7 
1.7 

P 
TO 

m 

LO 
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N> 
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9 
O 
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Table J-2 - Summary of Formaldehyde Concentrations in the Port of Tacoma Area 

Source 

Port of Tacoma Reference Study (a.) 
East-West Road Property (a.) 
Blair Backup Property (b.) 
Taylor Way Property (c.) 
Reichhold (d.) 

Formaldehyde 
in Mg/L 

5.8 to 60 
17 

5.8 to 260 
14 to 55 

60 to 440 

a. Hart Crowser, 1991b. 
b. Hart Crowser, 1991a. 
c Hart Crowser, 1991a 
d. CH2M HILL, 1991. 
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ATTACHMENT J-I 
FORMALDEHYDE METHOD COMPARISON 
STUDY DATA VALIDATION REPORT 

Purpose of This Report 

This report presents our vaUdation of the Laboratory Data Reports for 
chemical analysis of groundwater samples coUected as part of the 
formaldehyde method comparison study. The laboratory work reviewed 
herein was conducted for samples coUected in November 1990 as part 
of the Draft Final Investigation reports compUed for the Taylor Way, 
East-West Road, and Blair Backup properties located in the Port of 
Tacoma, Washington. Our review of the Laboratory Data Reports was 
performed in general accordance with Laboratory Data VaUdation 
Functional GuideUnes (EPA, 1988a and 1988b), as appropriate. 
Laboratory in-house control limits and control limits specified in the 
methods were used to evaluate dupUcate results as weU as surrogate 
and matrix spike recoveries. 

Summary of Findings 

We have determined that the laboratory data generated from analysis of 
groundwater samples coUected during this work are vaUd for the 
purposes of the formaldehyde method comparison study. Summaries of 
the formaldehyde method results are presented in Tables J-l and J-2, 
respectively. Some of the data required quaUfication. Qualified data 
are Usted below. 

NIOSH Method 3500 formaldehyde spike recoveries and relative 
percent differences were outside of control Umits. The laboratory 
reported severe matrix interferences using the NIOSH method. AU 
formaldehyde concentration results generated using the NIOSH method 
were qualified as estimated (J). The vaUdity of the NIOSH method 
data should be considered suspect. 
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FORMALDEHYDE METHOD COMPARISON DATA REVIEW 

Analytical Methods 

Appropriateness of Testing. Laucks Testing Laboratories, Inc. (Laucks) 
analyzed 12 samples for formaldehyde using the Hantzsch Reaction and 
NIOSH Method 3500 techniques. SpUts of these szmiples were also 
analyzed for formaldehyde by Analytical Technologies, Inc. (ATI) using 
RCRA Draft Method 8315. The ATI-Fort CoUins laboratory modified 
the RCRA 8315 method sUghtiy by substituting acetonitrile for ethanol 
as the solvent in the DNPH reaction solutioiL Ethanol used by ATI 
was found to contain low levels of acetaldehyde which caused method 
blank problems. Acetonitrile did not contain acetaldehyde and 
produced cleaner method blanks. 

Reporting of Data. Results reported by Laucks were quantitated using 
miUigrams per Uter (mg/L) or ppm units. ATI reported the RCRA 
formaldehyde method results in micrograms per Uter (/ig/L) or ppb 
units. 

Sample Handling 

Sample Collection. Samples were coUected in clean 1-Uter amber 
bottles (with teflon-Uned caps) suppUed by Laucks and ATI. Samples 
were coUected in a manner to Umit agitation and headspace in the 
botties. 

Sample Handling. Upon coUection of each sample, the sample number, 
date, time, and sampling persormel initials were recorded on the label 
of each container. Samples were stored in insulated coolers packed 
with 'T>lue ice" and maintained in Hart Crowser's custody untfl samples 
were hand-delivered to Laucks and ATL 

Holding Times 

Holding Hmes. There are no established holding time requirements 
under 40 CFR 136 (Qean Water Act) for formaldehyde in groundwater. 
The EPA Environmental Monitoring Systems Laboratory (EMSL) in 
Las Vegas, Nevada has estabUshed a five-day holding time from the 
verified time of sample receipt (VTSR) for contract laboratories. A 
five-day VTSR criteria generally corresponds to a seven-day holding 
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time limit from the date of sample coUection. AU samples were 
analyzed within the seven day holding time requirement. 

Laboratory Blanks. The appropriate number of laboratory blaiflcs were 
analyzed. At least one blank sample was analyzed for each set of 
extracted samples. 

Laboratoiy Blank Contaminants. Formaldehyde was not detected any 
of the laboratory method blanks. 

Field Blanks. One field blank (HC-lOO) consisting of carbon-free 
deionized water was analyzed for formaldehyde using aU three methods. 
No formaldehyde was detected in any of the analyses. 

Frequency. The appropriate number of extemal calibration standards 
were run for each analysis. Initial and continuing calibration standards 
were analyzed as part of the RCRA method. 

Acceptability. Cortelation coefficients were acceptable for aU three 
analyses (> 0.990). Percent differences for RCRA method continuing 
cah"bration were less than or equal to 15%. 

Matrix Spikes and Matrix Spike Duplicates 

Spike Recoveries. Spike recoveries were within laboratory confrol limits 
for the Hantzsch Reaction (50 to 150%) and RCRA 8315 analyses (50 
to 125%). NIOSH Method 3500 spflce recoveries were below 50%. 
The laboratory reported severe matrix interferences using the NIOSH 
method. AU formaldehyde concentration results generated using the 
NIOSH method were qualified as estimated (J). The vaUdity of the 
NIOSH method data should be considered suspect. 

Spike Duplicates. Relative percent differences (RPDs) for MSD were 
acceptable for the Hantzsch Reaction (±20%) and RCRA 8315 
analyses (±25%). RPDs were outside of control limits for the NIOSH 
method analysis. 
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Field Duplicates 

Field DupUcate Results, One field dupUcate of EPA-101 (EPA-1 II) was 
analyzed using aU three of the formaldehyde methods. RPDs for the 
Hantzsch Reaction and NIOSH method analyses were 37% and 18%, 
respectively. DupUcate results for the RCRA method were within plus 
or minus the sample detection Umit. 
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SUBJECT: Reviev of Data Validation Reports for Conmencament Say 
Nearshore/Tideflats Taylor Way Property, Hart Crowser, 
Inc- (2/8/91, Letter of Transmittal) n 

FROM: Donald Matheny, Chemist "II:u*).̂ .J>ZX. V̂ --̂ ^̂ Sr:::::7-
Regional Qualitry Assurance Management Office 

TO: Karen Keeley, Site Manger 
Superfund Bramch, HWD, Region 10 

The Quality Assurance Mcmagement Office has received and is 
transmitting tihe ahove review submitted "by ESAT-



Env i ronmen ta l Service Assistance Team — 2k>ne I I 

I C F Techno logy , I nc . 

NSI Technology Corp. 

The Bionetics Corp. 

Esat Region X 
ICF Technology, Inc. 
1200 6th Avenue 
Seattle, WA 98101 
(206) 553-1849 
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DATE: 

TO: 

FROM: 

SUBJECT: 

TID NO: 

DOCUMENT NO: 

March 29, 1991 

Donald Matheny, Task Monitor 
USEPA^ Region 10 

Miciiaei W. Le toumeau , ESAT Data Reviewer 

Data V a l i d a t i o n Report Review 
Commencement Bay Nearshore /T ide f l a t s Taylor Way Prope r ty 
H a r t Crowser, Inc , 

10-9101-520 

ESAT-10-3-1019 

The Data V a l i d a t i o n Report for Formaldehyde and Groundwater BacJcground 
S t u d i e s (Feb rua ry 3 , 1991) from t h e Draft Final I n v e s t i g a t i o n Report fo r t he 
Commencement Bay N e a r s h o r e / T i d e f l a t s Taylor Way Proper ty has been completed. 
The f o l l o w i n g c o n c l u s i o n s a re based on the informat ion provided fo r t h e 
r e v i e w . 

Three metihods of a n a l y s i s for Formaldehyde in groundwater were u t i l i z e d in 
t h e i n v e s t i g a t i o n . The r e s u l t s from the tihree metrhods of a n a l y s i s v a r i e d 
s u b s t a n t i a l l y - The fo l lowing i s a d i scuss ion of t:he r e s u l t s from tihe t h r e e 
d i f f e r e n t methods , p o s s i b l e sources of v a r i a t i o n between t:he resul t is and t h e 
v a l i d i t y of t:he r e s u l t s -

The Formaldehyde r e s u l t s from tihe ana ly s i s of trhe samples v ia t:he ASTM 
Hantzsch r e a c t i o n meti-hod were tihe h ighes t of t he tihree methods u t i l i z e d -
R e s u l t s from tihe Hantzsch r e a c t i o n meiihod were 30 t o 270 times g r e a t e r than 
t h o s e of t h e NIOSH 3500 and RCRA 8315 Methods-

The r e s u l t s f o r tihe NIOSH metihod of ana lys i s were q u a l i f i e d "J" (es t imated 
va lue) by tihe r ev iewer due t o poor Matrix Spike/Matirix SpiJce Dup l i ca te 
r e c o v e r i e s (19% - 3 2% recovery) and poor d u p l i c a t e a n a l y s i s r e s u l t s 
(RPD 3 6 ) . 

RCRA method 3315 r e s u l t s were t h e lowest of the t h r e e methods of a n a l y s i s . 
The l a b o r a t o r y performing the a n a l y s i s noted an e r r o r in the January 19 9 0 
v e r s i o n of Method 3 315 in s e c t i o n 5 .14 .1 .1 where the foirmuia provided for 
t h e d e c a r m i n a t i o n of Foraaldehyde Ln the s tandards was i n c o r r e c t . The e r r o r 
was noc i n c o r p o r a r a d inco t.^e r e s u l t s provided by t.he l a b o r a t o r y . 



The th ree metihods of ana lys i s are suscepcible to interferences such as 
t i i r b i d i t y , co lo r , phenols, alcohols and s u l f i t e s . The laboratory nones for 
the Han-czsch reac t ion ana lys is did not indicate if the samples were turbid 
or co lored . However, the laboratory notes for t-he NIOSH metiiod of analysis 
noted "most sampleCs] developed a yellow color, could be matrix interference 
( f a l se h i t s ) . " In addi t ion , the laboratory performing the RCRA 8315 
ana ly s i s noted tha t one sample was "dark and viscous" and that "many of the 
samples were somewhat t u r b i d . " . In a conversation witih the analyst 
perfoirming the Hantzsch r eac t ion and NIOSH analyses, I was informed tha t the 
cleanup procedures for tihese methods were not performed on the samples. 
Therefore , tihere i s a p o s s i b i l i t y tha t interferences affected the resultis 
in tihese analyses - The NIOSH metihod and tihe Hantzsch reaction method are 
t e s t s t h a t measure tihe absorbance of nv l igh t a t par t icu lar wavelengths. 
Turb id i ty in the samples would increase sca t te r ing which would decrease tihe 
l i g h t reaching the de tec to r . This decrease in power a t the detector would 
be i n c o r r e c t l y in te rp re ted as increased absorbance. Therefore, an 
i n t e r f e r e n c e such as t u r b i d i t y would give fa lse high readings for 
Formaldehyde in tihe NIOSH and Hantzsch metihods. Wliile tihe Quality Control 
r e s u l t s for tihe NIOSH ind ica te a negative matrix interference (recoveries 
of Formaldehyde spiJced in to the samples were low) , i t i s believed tha t the 
i n t e r f e r e n c e masked tihe response of t-'ie Formaldehyde spiked into the sample. 
I t i s the masking of the Formaldehyde by the interference that lead to the 
low r e c o v e r i e s . 

The RCRA 3315 metihod is a lso suscept ible to in terferences . I t was leamed, 
tihrough a conversat ion with the laboratory, tihat the samples were extracted 
v ia the l i q u i d - l i q u i d technique, and tihat none of the extracts underwent any 
cleanup procedures . The RCRA saimple r e su l t s would be least affect by the 
i n t e r f e r e n c e - The use of l i qu id chromatography in tihe RCRA method allows 
for the r e s o l u t i o n of the analyte (Formaldehyde) from other matirix 

/components, providing a more accurate assessment of tihe amount of analyte 
p resen t in tihe sample. 

The d e r i v a t i z a t i o n of the samples and standards i s a c r i t i c a l step in the 
RCRA 3 315 method- Incomplete der iva t iza t ion of the samples or degraded 
d e r i v a t i z a t i o n agents would r e s u l t in Formaldehyde values that were 
i n c o r r e c t , a poss ib le j u s t i f i c a t i o n for the lower RCRA 3315 Formaldehyde 
r e s u l t s . However, in speaking with the analyst , i t was leairned tha t tihe 
d e r i v a t i z a t i o n agent (DNPH) was prepared fresh with each days analysis and 
tihat experimentat ion pr ior to sample analysis insured tihat a l l samples and 
s tandards were der iva t ized completely. 

Stiandard p repara t ion i s a major component of a l l three metihods. In the RCRA 
8315 metihod tihe Formaldehyde standards ara prepared from Formalin 
(approximately 37.6% w/w Formaldehyde) , and a standardization procedure must 
be performed to determine tihe exact concentiration of Formaldehyde in the 
s tandards- A review of the raw data for th i s stiandardization procedure 
ind ica ted t h a t the procedure was performed cor rec t ly . While tihe NIOSH and 
Hantzsch r e a c t i o n methods a lso c a l l for the preparation of Formaldehyde 
s t anda rds from Formalin, the laboratory u t i l i z e d Sodium 
Formaldehydebisulf i t e for staindard preparat ion. No information was 
ava i l ab l e from tihe laboratory regarding the preparation of the Formaldehyde 
s tandards from tihe Sodium Formaldehydebisulf i t e . If the standards were 
prepared i n c o r r e c t l y , the reported sample resu l t s for the NIOSH and Hantzsch 

., r eac t ion methods would a lso be incorrect . Therefore, the standards u t i l i z e d 
in tiiese analyses could account for the difference between the MIOSH and 

-'Hantzsch reac t ion method r e s u l t s and the RCRA met.hod resu l t s . However, 
because t.he there are subs t an t i a l differences between zhe MIOSH and the 
Hantzsch reac t ion r e s u l t s , e r ro r s in zhe. Formaide.hyde standard preparation 
from Sodium Formaldehydebisulf ica could not be t.he sola source of error 



between the three methods' results. 

As the Field Blanks and the Method Blanks do not contain detectable 
concentrations of Formaldehyde, contamination of the samples prior to their 
arrival at the laboratory or during the analytical p'rocediire is not 
possible cause for the differences in the analytical results. ':;« 

Each sample submitted for analysis was in a full 1 liter amber bottle. Thus 
eliminating the chctnce that head-space in the bottles would allow for the 
Formaldehyde to escape from the water seunples, accoxintJLng for the lower 
Formaldehyde values detected by the RCRA method-

While each of the methods of analysis resulted in some samples that 
contained greater concentrations of Formaldehyde than the background 
samples, the results were inconsistent between the three methods of 
analysis- For example one sample (HC-13S) analyzed by the RCRA method 
resulted in a Formaldehyde concentration greater than the highest background 
sample (TW-i) . The field sample (HC-13S) was less than the background 
sample (TW—1) when analyzed by the NIOSH and the Hantzsch reaction methods. 
What is made evident by these Formaldehyde analyses is that backcfround 
results can only be compared with field samples analyzed by the same method. 
The comparison of backgroxxnd samples analyzed by one method of analysis with 
field samples analyzed by another method of analysis would be erroneous and 
misleading. - -

The presence of natural and artificial sotirces of Formaldehyde in the 
environment: have been documented. While there is a limited amount of 
literature availaJale on Formaldehyde concentrations in groundwater, what is 
evident is that background concentrations of Formaldehyde vary from location 
to location- Therefore, it is recommended that additional sauapling and 
analysis be performed in order to make an accurate determination of th 
backgroimd levels of Formaldehyde at the Taylor Way Property site. Onî ^ 
after an accurate determination of the background levels at the site ars 
made can conclusions regarding the Formaldehyde concentrations in the 
groundwater at the site be made, 

Suapaary 

The QC requirements of the QAPP for the Formaldehyde analysis were met for 
the RCRA Method 3315 and ASTM Hantzsch reaction method- Due to the poor 
Matrix Spike/Matrix Spike Duplicate and Duplicate sample analysis results 
in the NIOSH Method 3500 analysis, the estimated value "J" qualification 
was applied to all sample results. The RCRA 3315 method results for the 
Foirmaidehyde analyses conducted on samples from the Commencement Bay 
Nearshore/Tideflats Taylor Way Property are the most accurate of the three 
methods utilized for analysis- The- NIOSH 3500 method and ASTM Hantzsch 
reaction method results are greatly influenced by the presence of matrix 
interferences that bias the data. It is recommended that future analyses 
of the groundwater samples utilize the RCRA 3315 method. It is • also 
recommended that the solid sorbent (CIS) cartridge extraction option of 
Method 3315 be employed to assure that results are not influenced by 
interferences -

The Quality Control requirements for these analyses could be improved. In 
addition to the Matrix Spike/Matrix Spike Duplicate analysis, it i.<̂  
recommended that the analysis include some Icind of Laboratory Control Sampl 
(LCS). As there are no known NBS Formaldehyde water standards, it is 
recommended that a reagent water sample be spiked with a known concentration 
of Fornialdehyde and processed in t.he same manner as all ot.her samples. The 



LCS would be an ind ica to r for any sample processing problems- I t i s also 
recommended t h a t Continuing Calibrat ion Verif ication (CCV) standards and 
Continuing Ca l i b r a t i on Blanks (CCS) be analyzed a f te r every five samples and 
a t t h e end of each ana lys i s run- This would insure t ha t the c a l i b r a t i o n of 
Ihe ins t rument remains acceptable throughout the analysis of samples, and 

••that "ca r ry -over" does not influence the sample r e s u l t s . 

In comparing the background sample r e s u l t s with those of the f ie ld samples, 
no d e f i n i t e conclxisioi« can be made- Wliile further s t a t i s t i c a l amalysis o f 
t h e background/ f ie ld sample comparisons may prove tha t some sampJJjig s i t e s 
have " s i g n i f i c a n t l y " higher concentrations of Formaldehyde tham the 
background szunples, i t i s recommended t h a t a more accurate determination of 
t h e backgrotind l e v e l s a t the s i t e be made. When making background/field 
sample compeurisons, i t i s important t h a t the comparisons be made on resxilts 
from t h e same method of 2Uialysis. 
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SUBJECT: Formaldehyde Analysis in Groundwater Samples 
at CB/NT Site 

FROM: Kenneth W- Brown 
Manager, Technol' 

TO; Kiuren Keeley 
Site Manager, EPA Superfund Branch 
Region 10 

Karen, please find attached comments by Dr. Richard Flotard, 

addressing the analytical methods used to determine formaldehyde 

levels in groundwater at the CB/NT Site- After you have read the 

comments, Richard, Phil Malley, and I, wotild like to discuss 

these comments and other issues you mentioned in yotir memorandum 

dated Mcirch 23, 1991-

Please give me a call at FTS 545-2270 as soon as it is 

convenient. 

Attachment 

cc: 

Richaxd Flotard, QAD 

Phil Malley. AMD 



FINDINGS FOR THE FORMALDEHYDE ANALYSIS 

1. The ASTM (Hanszsch Reaction) method results are absolutely 
unusable due to the failure of Laucks laboratory analyst to perform 
extractions on the standards and the samples before measioring the 
absorbance- If one compares the amount of formaldehyde in a sample 
analyzed by this method with the Total Suspended Solids (TSS) 
result, they correlate quite well. These samples contained up to 
0-4% TSS by weight- The analyst reported that the txirbidity of 
some sauaples was great enough to be visible to the naLked aye- This 
would certainly result in considerable absorbance as compared to 
the standards made with distilled water. The affect would also be 
expected to be somewhat variable as the larger particles would 
settle out as the derivatized sample was allowed to remain 
undisturbed- The color is stable for several hours and the samples 
may have sat for some time before being analyzed- To test this 
hypothesis, the Region should ask Laucks to mix up a suspension of 
fine clay mineral particles (0.4% by weight) and to compare the 
aJasorbence to this mixture to distilled watar. My judgement is 
that the data are totally unusable and should not be relied upon 
for any site cleanup judgements. 

2. There are also some serious problems with the way in which 
Laucks Laboratory chose to conduct the NIOSH method based test. 
The stated range of this method is 2 ug-4 0 ug in a 2 mL watar 
sample. This is equivalent to a concentration of 1 ag/L to 20 mg/L 
in an undiluted watar sample, using the same 2 mL aliquot as is 
used for the NIOSH impinger solution- The method specifies a 
calibration range which is equivalent to 0.25 mg/L to 5 mg/L in six 
increasing concentrations. The calibration range chosen by Laucks 
began with 0,125 mg/L and increased only to 1,0 mg/L, The matrix 
spikes were added at 0.125 mg/L, Thus all of the calibrations and 
dilutions on the samples resulted in analysis of samples far below 
the minimum recommended range for this method. It is not 
surprising that Laucks had difficulty with matrix spike recoveries 
since they were wor.king far below the normal range for the method. 
Since all of the results obtained by Laucks were less than 0.2 
mg/L, I would also consider this data to be estimated values at 
best, and probably unusable as well. 

3 - The reviewers concem about the use of a titration for 
standardization of t.he formaldehyde solutions is unfounded. This 
calibration method uses a pH meter to measure the endpoint of the 
titration. Since it is not a colorimetric method in which there is 
sxibjective judgement of a color change, I have no doubt that any 
reasonably well trained ctiemist could perform it. 



Laucks 
Testing Laboratories, Ino 
940 South Hamev St., Seattle. WA 9W» (206) 7S7-5060 SAX 767-5063 

Qiernun^ Miosccfcsgy and "fechncal ScTTces 

TO: P h i l i p Spadaro 
Hart Crowser , Inc. 

FROn: 3 . S l eason 
Laucits Te^Tn.'na' Labora tor ies 

Data: Hay 14,''^ 1991 

Re: Job Ho. 23S0-07 
EPA fleao o f 4 / 1 6 / ? l 

I a p p r e c i a t e your sending t h i s aeao alonq to us. I did indeed s^lare i t u i th nike Helson, 
as we l l as Harr-y Roabenj, 9C Off icer , and rtarlt Babich, the analyst who perforaed both 
fo raa ldehyde a e t h o d s . 

y h i l e I r e a l i z e t h i s review i s now w r i t t e n in s tone and t h a t there i s no oppor tuni ty for 
g i v e - a n d - t a l i e on the i ssues r a i s e d , we a t Laucks feel i t i s ^ery i apor tan t t h a t Hart 
Crowser u n d e r s t a n d we did not t ake a c a r e l e s s approach to these saaples , nor do we aqree 
with a l l of t h e r e v i e w e r ' s conc lus ions . 

C a l i b r a t i o n CNIOSH) The i-evieuer s t a t e s the c a l i b r a t i o n ranqe was too low. In f a c t , the 
c a l i b r a t i o n r a n q e bracketed the absorbances from the saaples . In addi t ion , usinq the 
recoaaended c a l i b r a t i o n ranqe would have resu l ted in standard absorbances g r ea t e r than 2.0 
AU, w h i l e the s p e c t r o p h o t o a e t e r can only aeasure up to 2.0 AU. 

C a l i b r a t i o n s e e a s t o be the r e v i e w e r ' s aain concem as reqards the NIOSH data and in our 
o p i n i o n , s i n c e c a l i b r a t i n q as the reviewer suqqested would have put the ana lys i s off-
s c a l e , i t i s a n o n - i s s u e . 

I t i s p robab ly a p p r o p r i a t e to no te here t h a t Laucks' analys t did observe i n t e r f e r e n c e with 
the c o l o r d e v e l o p a e n t when per fora inq t h i s aethod, knew t h a t spike recover ies were poor , 
and sugges ted t h a t t h e saaples should be d i s t i l l e d to reaove in te r ferences C t u r t i d i t y ) and 
r e - a n a l y z e d . rtike Ehlebracht was contac ted with t h a t suggestion and declined to hav« the 
d i s t i l l a t i o n p e r f o r a e d , since t h e procedure i s not pa r t of the HIOSH acthod and one of 
Hart C r o w s e r ' s e x p l i c i t l y s t a t e d goa l s was to deaonst ra te t h a t the aethod i s i n e f f e c t i v e . 
The t o n e t h a t s u g g e s t s Laucks was incoapeten t not to not ice the in te r fe rences seeas 
u n j u s t i f i e d . 

Cha^er.^^oTX^er AmcrcanCaarcdoi lrciepi3TJeri LoboraKTts 
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UNITED S T A T E S ENVIRONMENTAL. PROTECTION AGENCY 
OFFIC£ OF RESEARCH ANO DEVELOPMENT 

ENVIRONMENTAI. MONITORING SYSTEMS LASORATORY-LAS VEGAS 
P O . 3 0 X 93*178 

!_AS VEGAS. NEVADA 39193-3 -478 
! 7 0 2 / 7 9 8 - 2 10O • i=~rs 3AS- 210OI 

May 6, 1991 

SUBJECT: 

FROM: 

TO: 

Technical Support for Commencement Bay 
Nearshore/Tideflats NPL Site 

Kenneth W. Brown J^^^^^ / < : ^ 
Manager, Technology Support Center 

Karen Keeley 
Site Manager, EPA Superfund Branch 
Region 10 

Karen, please find an attachment titled "Technical Support 

for Commencement Bay". This attachment addresses questions 

conceming "formaldehyde in groundwater" that were identified in 

your memorandum dated March 28, 1991. Dr. Richard Flotard and 

Dr. Gary Robertson have provided this information. 

Kciren, if you have additional questions or require more 

information, please give me a call at FTS 545-2270. 

Attachment 

cc: 

Phil Malley, LZSC 



Attachment 
Teciinical Suppoirt for Commencement Bay 1̂11/ 

1. Are the data for real? 
Data from the ASTM (Hantzsch) Method are flawed due to the 

fact t.̂ at the laboratory failed to extract turbid samples with n-
butanol as required by the method before performing absorption 
spectroscopy on the samples. The "formaldehyde content" of these 
samples correlates well with the total suspended solid (TSS) 
content. The results are unusable. The method, as performed, 
specifies a lower limit of 200ug/L (ppb) which is well above the 2 
to 15 ppb needed for decision making at the site. There is an 
alternate procedure in which a 10 cm cell is used along with a 
fluorescence spectroscopy detector in which the lower limit is 
lOug/L. The laboratory did not use this modification and listed 
the LOD as 200 ppb. 

The NIOSH Method was designed to cover a range of from 2 0 to 
4 00ppb. The laboratory chose to calibrate the method at 1/10 of 
the calibration range specified in the method and to spike the ^ 
matrix spike samples well beiow the lower end of the published 
range for the method, while still keeping the same limit of 
detection (LOD) . It is unclear as to whether the method works well 
within this range. As sucii, the data are suspect at best. 

The remaining method, RCRA Method 3 315, appears to be the best 
one to rely upon. The method has been tested down to 15ppb in a 
single laboratory test. Since it involves two separation and 
concentration steps (C-18 cartridges and HPLC) it would expected to 
be more selective and less sxibj ected to interferences. The 
laboratory used a 5ppb quantitation limit which may be a bit 
optimistic. The analyst met all method QA requirements. I would 
accept the data from this method vith the understanding that vaiues 
less than 15ppb are estimated since they lie below the test range 
for the method. 

2. Which method most accurately measures formaldehyde in the site 
conditions ? 

It appears that the RCRA method is the method of choice since 
it measures free formaldehyde which is the chemical of concem. 
The ASTM method can be made to operate in the range desired but 
requires the use of acidic conditions in which the polymeric 
formaldehyde can be reconverted to free formaldehyde. 

3. What groundwater conditions affect the tests? 
The biggest one is the presence of particulates in the 

samples. Even the RCRA method has problems with particulates. The 
C-18 cartridges plug up when particulates are present. Samples 
should be filtered through a glass fiber filter or extracted as per 
the recommendations in the ASTM Method. Certainly any chemical in 
the groundwater which competes with formaldehyde by reacting with 
the c.hromophoric reagent (the reagent causing the color change) 
would have an effect on the results.. Matrix spike sample results 
may help to confirm or to discount this effect. 



4 . Is the background concentration due to laboratory contamination? 
Mjiiiijs>' This is unlikely since there was no contamination in the trip 

blank. 

5. What is background concentration in the groundwater? 
This requires knowledge of results from other waste sites. 

These data are not available to my knowledge- It is really outside 
my area of expertise. My gut feeling is that background for 
formaldehyde in groundwater should be low. We will contact the 
experts at R.S. Kerr Laboratory for assistance in this area. 

6. How is the NIOSH method modified for aqueous media? What are 
the reaction conditions? How is the method modified and what are 
the effects of modification? 

No modifications ara needed. In air sampling, the 
formaldehyde is collected in impingers containing an aqueous sodium 

• bisulfite solution.. There is no difference except that the 
laboratory may not have added 1% sodium bisulfite to the samples. 
(I have no way of knowing that.) The reaction conditions are quite 
harsh. Of the lOmL final sampla volume, 6mL are concentrated 
sulfuric acid. If depolymerization were to occur, these conditions 
would probably accelerate it. Technically, there is no difference 
between analyzing the impinger contents and analyzing a groundwater 
sample. 

7. Are other options available for calibration other than using 
\ formaldehyde and titration methods? 

In conversations with Mark Roby of Loc3cheed, who regularly 
used the RCRA method while working at S-Cubed, I was informed that 
he had tested some modifications to the RCRA method. One of these 
was to independently produce the DNPH-Formaidehyde reaction product 
and to purify this material. It is a crystalline material which 
can be weighed out to make standards in a much more precise manner 
than to measure out formaldehyde and react it with DNPH in 
solution. This option is a modification of the method and would 
have to be tested before it could be accepted. 

3. What kinetics information is available for depolymerization of 
formaldehyde polymers? Ara any of the methods good for "total 
formaldehyde"? 

There was no hard numbers mentioned in the methods except to 
say that it is slow for the ASTM Method. Since this method has the 
harshest conditions, it appears that depolymerization is not a 
significant problem. If the RCRA Method is to be used for future 
work, this question is moot. I think we already know the reason 
for the extreme variability in results obtained using the ASTM 
method due to particulates in the sample. None of the methods 
works well for "total formaldehyde." This would only be of concern 
if the state determines that their regulations require measuring 
total formaldehyde. 



9. What information is available on interferences? 
Some information is available in the method description. '̂i;|iii*' 

Without doing a research project, this question can not be 
answered. Mr. Roby indicated that the RCRA method has proven to be 
very rugged in actual use on difficult-to-analyze environmental 
samples. That would suggest few interferences. 

10. Environmental sources? 
These questions lie outside of my area of expertise. In our 

conversations it became very obvious that not much data are 
available for formaldehyde in groundwater. We will attempt to find 
out additional information and relay it to you. 

11. What contributes to error in sampling and analysis of 
formaldehyde? 

I posed this question to Mark Roby since he has quite some 
experience with the RCRA method which appears to be most suitable 
for formaldehyde in groundwater. While working at S-Cubed 
Laboratory in San Diego, Mcirk investigated problems with the 
method, particularly limit of detection and blank contamination. 
He traced down contamination problems to the use of glacial acetic 
acid to adjust the ?h of the sample. .\11 chemically pure grade 
acetic acid contains some residual formaldehyde. 3y switching to 
a phosphate buffer, Mark was able to eliminate the background 
formaldehyde in the method blank and to lower the limit of 
detection by a factor of 5. Under the current protocol, sample 
results are adjusted by the amount found in the blank. It was the 
amount in the acetic acid buffer which probably controlled the LOD. 

Since it appears that formaldehyde may become an analyte of 
concern at future Superfund and RCRA sites, it may be worthwhile to 
consider funding a laboratory study on ways to decrease the PQL of 
this method. Obviously changing the buffer is one possibility. 
Reducing the elution volume or concentrating the eluata from the C-
13 cartridges is another possibility. These would be minor 
modifications to the method and could be easily tasted in a single 
laboratory study. Mr. Roby indicated that he would be happy to 
work with the region to help design a study for this purpose. The 
method already contains QA requirements which appear to be 
sufficient to monitor laboratory performance (check samples, matrix 
spike samples, replicate analysis and method blanks) . / The 
laboratory should be required to report the results of QA to the 
EPA as well as samole results. 



Laucks 
testiii^ Laboistories, Inc, 
940 South Hamev St.. S«aftle. WA 98108 (206) 767-5060 S«LX 767.3063 

GgrnisryMkJXCiciog? and "fechnicai SerTces 

Extr-act lon CHantszch.') The reviewer s t a t e s t h a t Laucks fai led to extract the s tandards and 
s a a o l e s and t h a t , t h e r e f o r e , the data a re unusable- The aethod suqgests that saaples 
showing c o l o r o r t u r t i i d i t y be ex t rac ted to reaove color assor ted a t 412 na tha t e i g h t 
i n t e r f e r e wi th c o l o r developaent a t the saae absorbance. As i t happens, we s t i l l have 
t h e s e s a a p l e s , so n ike took a look a t thea today. His judgacnt i s that saaples - ^ 1 , -04 , 
- 0 6 , - 0 7 , and —08 have no v i s i b l e c o l o r ; s aap les -05 and -11 shou very s l ight c o l o r ; 
s a a p l e s - 0 2 , - 0 3 , - 0 9 , and -10 shou a d i s c e r n i b l e but not dark color; and saaple -12 i s 
( r e l a t i v e to t h e o t h e r saaples) heavi ly co lo red . 

If you look a t t h e t e s t r e s u l t s , you w i l l see t h a t there i s no correlat ion betueen t h e 
fo r aa ldehyde c o n c e n t r a t i o n reported and the c o l o r . Saaple - 0 1 , for instance, which i s 
coloi—ir^ef d e a o n s t r a t e d a foraaldehyde concen t ra t ion s i a i l a r to that in saaple -12 , which 
was d a r t in c o l o r . I t therefore appears l i k e l y t h a t color in the saaples did not 
i n t e r f e r e w i th t h e a n a l y s i s . 

,Tie s a a p l e s do have soae t u r b i d i t y and nike agrees t h a t , a l l in a l l , i t would have been 
good t o e x t r a c t t hea to be sure of reaoving t h a t po t en t i a l in te r fe ren t . The ana lys t did 
no t do t h i s b e c a u s e he achieved accep tab le spike recover ies (although in an uncolored 
s a a p l e , -045 and concluded tha t i n t e r f e r e n c e was not an i s sue . The conclusion aay have 
been e r r o n e o u s -

y« d i s a g r e e t h a t t h e data are unusable . Qualifying thea as es t iaa ted is probably 
reason ab l e . 

Conclus ion 

In c o n c l u s i o n , we would l ike to add t h a t t he re i s one standard of care to be followed when 
w« a r e t o l d an a n a l y s i s i s being perforaed to deaons t ra te i t s ineffectiveness (and we 
b e l i e v e we a e t t h a t standard of care by c a l i b r a t i n g within the range of our i n s t r u a e n t , by 
s u g g e s t i n g an a l t e r n a t i v e saaple p repa ra t ion when in ter ference was noted, and by 
g e n e r a t i n g 3 OC d a t a po in ts - 1 dup and 1 flS/nSD - for the apparentiy "successful" aethod 
and 3 8C d a t a p o i n t s - 1 dup and 2 flS/nSD - for the apparently "unsuccessful" ae thod) and 
t h e r e i s a second s tandard of care to be observed had we known the data were for aaking 
s i t e c l e a n - u p j u d g a e n t s . If nothing e l s e , t h i s experience deaonstrates to a l l of us the 
f u t i l i t y of a t t e m p t i n g to use data for a purpose newer intended. 

We a p p r e c i a t e t h e oppor tuni ty to look a t t h i s review, we appreciate the t i ae you have 
given t o our r e s p o n s e , and we want to a s su re you tha t Laucks does not wantonly d i s r e g a r d 
ae thodology or a p p r o p r i a t e co r r ec t i ve a c t i o n s , as one aight conclude froa t h i s rev iew. 

Oancr MerTt«r ArrercanGsiTCrfa Irdeoerxjeni LjboraiorES 
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APPENDIX K 
OCCURRENCE OF IRON AND MANGANESE 

TECHNICAL MEMORANDUM 

DATE: November 12, 1991 

TO: Ms. Leslie Sacha, Port of Tacoma 

FROM: Cathy Kiley and Mike Ehlebracht, Hart Crowser, Inc. 

RE: Occurrence of Iron and Manganese in Shallow Groundwater 
in the Port of Tacoma Area 
J-2350-07 

INTRODUCTION 

The purpose of this technical memorandum is to summarize our understanding of the 
occurrence of iron and manganese in shallow groundwater in the Port of Tacoma 
area. Concentrations of iron and manganese detected in shallow groundwater 
samples collected in the Port of Tacoma area typically exceed Model Toxics Control 
Act (MTCA) groundwater cleanup and secondary drinking water levels. We believe 
that elevated iron and manganese concentrations detected in groundwater samples 
collected as part of our Port of Tacoma Tribal Property Transfer investigations (Hart 
Crowser, 1991a, 1991b, and 1991c) are primarily derived from natural sources and 
that their presence does not require remedial actions. Data supporting these 
conclusions are presented in the following sections. 

SUMMARY OF EXISTING REGIONAL REFERENCE STUDIES 

Hart Crowser sampled 10 wells to provide general local reference concentrations for 
dissolved metals in shallow groundwater located in the Port of Tacoma industrial 
area. The 10 wells were selected based upon accessibility, location relative to 
properties of interest, lack of exposure to local industrial activity, and depth of 
screened interval. Wells in the area between the Puyallup River and the upland 
bounding Marine View Drive were targeted because they lie within the same regional 
hydrogeologic system as the properties of interest. Manganese concentrations 

Page K-1 
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detected in the Port of Tacoma reference samples ranged from 77 to 7,900 ug/L 
(Table K-1). Iron was not analyzed. A detailed description of the study including a 
map of sample locations and analytical results are presented in Appendix D of the 
Blair Backup property report. 

Ebbert et al..(1986) collected groundwater samples from 15 wells in the lower 
Puyallup River basin as part of a study to assess the quality of the groundwater for 
usage in fish hatcheries. This study was conducted by the United States Geological 
Survey in conjunction with the Puyallup Indian Tribe. DissoWed iron and manganese 
concentrations ranged from 3 to 210,000 ug/L and < 1 to 4,300 ug/L, respectively. 
Maps showing sampling locations and analytical results are included in Attachment 
K-1. 

OCCURRENCE OF IRON AND MANGANESE 

fron and manganese have been detected in shallow groundwater throughout the Port 
of Tacoma area (Table K-1). Detected concentrations of iron at the Blair Backup 
property range from 57 to 170,000 ug/L. Comparable levels of iron are reported by 
CH2M Hill in samples taken on or near the Reichhold Chemical facility located next 
to the Blair Backup site (268 to 110,000 ug/L). These levels are well within the range 
of concentrations observed by the Ebbert study (<3 to 210,000 ug/L). 

Concentrations of manganese detected on the East-West Road property range from 
1,100 to 2,800 ug/L, and are within the ranges detected in the lower Puyallup River 
basin (Ebbert et al., 1986) and by Hart Crowser in the Port of Tacoma local 
reference study. Manganese concentrations detected at the Taylor Way property are 
slightly higher than those reported by the CH2M Hill and Ebbert studies. However, 
most of the wells sampled as part of the CH2M Hill and Ebbert studies were 
screened in deeper aquifers than the Taylor Way wells. The highest iron and 
manganese concentrations encountered in the Port area were generally found in 
shallow aquifers. The East-West Road and Taylor Way properties are currently 
undeveloped and have no identified anthropogenic sources of metals other than a few 
scattered pieces of slag found on the surface of Taylor Way property. The Blair 
Backup property has the highest detected concentrations of manganese, ranging from 
12 to 20,000 ug/L. However, only three samples have manganese levels above those 
reported by the Ebbert study or by Hart Crowser in the local reference study. Asarco 
slag and Ohio-Ferro Alloy slag have been used as fill material on the Blair Backup 
property and may act as a potential source for some iron and manganese. However, 
the highest iron and manganese concentrations are not found in the area containing 
the slag. Since the range of concentrations of iron and manganese are generally 
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within the ranges found throughout the Port of Tacoma area, it is believed that the 
levels of metals are primarily derived from natural sources. 

FACTORS AFFECTING CONCENTRATIONS OF IRON AND MANGANESE IN 
GROUNDWATER 

General 

Factors which affect the concentrations of the trace metals in groundwater include: 

• Mineral composition; 
• Hydrogeology; 
• Redox conditions; and 
• Microbial activity. 

The source for the majority of dissolved ions in groundwater is the mineral 
constituents found in soils or bedrock. Igneous rock minerals including pyroxene, 
amphibole, magnetite, and olivine have relatively high iron contents. Igneous and 
metamorphic rock minerals including pyroxene, amphibole, basalt, and olivine have 
high contents of manganese. In addition, iron and manganese oxides are often 
present as coatings on soils (Bodek et al., 1988; Hem, 1986). 

The hydrogeology of the area determines the flow path that the water will take, and 
thus which geologic unit the groundwater will contact. Elements found in rock or soil 
minerals contacted by the groundwater may leach into groundwater (Freeze and 
Cherry, 1979; Hem, 1986). 

When groundwater is in contact with geologic units, chemical processes such as 
oxidation-reduction occur and alter the chemistry of the groundwater, fron and 
manganese oxides are stable and not readily leachable under oxidizing conditions. 
Under reducing or oxygen deficient conditions, ferric (III) iron and manganese oxides 
will be reduced to soluble ferrous (II) and manganese (II) forms. This increases the 
solubility and mobility of iron and manganese (Atlas and Bartha, 1987; Hem, 1986). 
High concentrations of dissolved ferrous iron and manganese often occur at locations 
exhibiting these reducing conditions. Oxidation of organic matter may cause oxygen 
to be depleted in shallow groundwater, resulting in these reducing conditions. 

Microbial activity may further increase the concentration of manganese and iron in 
solution. Soluble iron and manganese are available for microbial transformation. 
Increased anaerobic microbial activity reduces the stable manganese oxide, and causes 
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the manganese (II) ions to be mobilized. Iron is reduced under similar anaerobic 
conditions (Atlas and Bartha, 1987). 

Site-Specific 

The Port of Tacoma area serves as the mouth of the Puyallup River drainage basin 
that encompasses Mount Rainier and adjacent uplands. The Bedrock geology of the 
area is predominantly of igneous origin. The Tacoma tideflats area includes the 
lowermost part of the Puyallup River drainage basin. Seafloor sediments from 
Conmiencement Bay have been dredged and used as fill in this area since the 1920s, 
fron and manganese occur naturally in Port of Tacoma soils and sediments 
incorporated within mineral and coating phases. Iron and manganese concentrations 
in the lower Puyallup River sediment samples collected as part of the Ebbert study 
ranged from 24,000 to 140,000 mg/kg and from 390 to 4,100 mg/kg, respectively. 

Shallow soils present in the Port of Tacoma area often have high organic content 
resulting from natural sources associated with tideflats (marshes, swamps) as well as 
industrial activities including log sorting and pulp manufacturing (Ebbert et al., 1986). 
Oxidation of organic matter in Port of Tacoma shallow aquifer units may produce 
reducing conditions thus enhancing iron and manganese solubility. 

SUMMARY 

The range of concentrations of iron and manganese detected in the properties 
associated with the Port of Tacoma Tribal Property Transfer investigations are 
consistent with the background concentrations reported by Ebbert et al., (1986) and 
by Hart Crowser as part of the Port of Tacoma local reference study. We believe 
iron and manganese detected in shallow groundwater in the Port of Tacoma area are 
primarily derived from natural sources. As such, their presence does not require 
remedial action. 

Attachments: 
Table K-1 Summary of Iron and Manganese Concentrations in Grotmdwater 

in the Port of Tacoma Area 
References 
Attachment K-1 Lower Puyallup River Basin 

Iron and Manganese Data 
Ebbert et al., 1986 

Figure K-1-1 Dissolved Manganese Concentrations in Ground Water 
Figure K-1-2 Dissolved Iron Concentrations in Ground Water 
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Table K-1 - Summary of Iron and Manganese Concentrations in Groundwater in the 
Port of Tacoma Area 

•'^i'siii" 

Source 

-

POT Local Reference (a) 
Puyallup River Basin (b) 
East-West Property (a) 
Blair Backup Property (c) 
Taylor Way Property (d) 
Reichhold (e) 

Concentration in ug/L 

fron 

NA 
<3 to 210,000 
NA 
57 to 170,000 
NA 
268 to 110,000 

Manganese 

77 to 7,900 
<1 to 4,300 
1,100 to 2,800 
12 to 20,000 
3,900 to 7,900 
117 to 1,270 

(a) Hart Crowser, 1991b. 
(b) Ebbert, et al., 1986. 
(c) Hart Crowser, 1991a. 
(d) Hart Crowser, 1991c. 
(e) CH2M HILL, 1991. 
NA - Not analyzed 
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Figure K-1-1 Dissolved Iron Concentrations in Ground Waters in Winter and Summer, 1984. 
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Figure K-1-2 Dissolved Manganese Concentrations in Ground Waters in Winter and Summer, 1984. 
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Table L-6 - Continued <i;s#' 

(m) Samples were collected in Bellevue, Washington, as part of Metro's Toxicants in 
Urban Runoff Study (December 1982). 

(n) Samples were collected from the Puyallup River during January and May 1984 as 
part of a PuyaUup River Valley water quality investigation conducted by the U.S. 
Geological Survey (Ebbert et al., 1986). 

(o) Data obtained from Reichhold Chemical report "Sediment and Surface Water 
Report: Offsite Drainageways" (CH2M Hill, 1989c). 

(p) Upper 95th Background Limit was calculated using Lands (Gilbert, 1987) 
equation for determining confidence limits of lognormal distributions, 

(q) Pevear, D., Geology Department, Westem Washington University, unpublished 
data cited in Dexter et al., 1981. 

(r) Shacklette and Boemgen, 1984. 
(s) Harper-Owes, 1985. 
(t) EPA criteria provided for trivalent chromium only, 
(u) Ecology, February 1991 MTCA Qeanup Levels (Chapter 173-340-

730(3)(a)(III)(A). Values calculated using oral reference doses provided in 
HEAST, EPA 1991, and Bioconcentration Factors provided in EPA Criteria 
Chart, January 1991. 

(v) Ecology, February 1991 MTCA Cleanup Levels (Chapter 173-340-
730(3)(a)(III)(B). Values calculated using oral reference doses provided in 
HEAST, EPA 1991, and Bioconcentration Factors provided in EPA Critena 
Chart, January 1991. 

(w) Lowest Observed Effect Level (LOEL) Goldbook, EPA, 1986. 
(x) Based on the oral reference dose for food, HEAST 1991. 
(y) Based on the more toxic form (hexavalent) chromium, 
(z) The estaurine/coast organisms bioconcentration factors provided in the EPA 

Criteria Chart, January 1991. 
(aa) Based on oral reference dose for water. 
(ab) Ecology, April 1991, Sediment Management Standards, Table 1 Marine Sediment 

Quality Standards - Chemical Criteria (for designation of sediments). 
(ac) Qean Water Act, Marine Chronic Criteria, obtained from EPA Region FV 

Criteria Chart, January 1991. 
(ad) Qean Water Act, Criteria for Protection of Human Health from Consumption of 

Aquatic Organisms Only, EPA Region IV Criteria Chart, January 1991. 
(ae) Qean Water Act, Marine Acute Criteria, obtained from EPA Region IV Criteria 

Chart, January 1991. 
(af) For non-carcinogenic PAHs based on oral reference dose for naphthalene. 
> > Greater than 75,000 /xg/L for groundwater; greater than 300,000 ppm for soil. 
> > > Greater than 200,000 fig/L for groundwater. , 
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Table L-6 - Data Qualifiers and Cross Reference Notes for Tables L-1 through L-S 

Averages and upper 95th confidence limit of the mean for carcinogenic PAHs were 
adjusted using relative potency estimates (Thorslund, personal communication 1990), 
curtently under Science Advisory Board review. 

All soil sample and ditch sediment data are reported on dry weight basis. 

MTCA tables for Industrial Soil and Surface Water/Groundwater cleanup levels (Tables 
6 and 7) were generated in April 1991. MTCA tables for residential use (Appendix C) 
were generated in July 1991. 

Surface water standards do not address risk due to multiple exposure pathways or 
multiple contaminants. 

A Ecology, February 1991 MTCA Method A residential soil cleanup levels. 
(Chapter 173-340-740, Table 2). 

B Indicates analyte was detected in laboratory method blank. 
D Value reported derives from analysis of a diluted sample or sample extract. 
J Indicates an estimated value. 
ND Not detected at various detection limits. 
T Flagged values represent sum of two coeluting compounds. 
U Indicates compound was analyzed for but not detected at the given detection 

limit. 
(a) Calculated using one-half of the detection limit for non-detected compounds. 
(b) Practical quantitation limit using EPA method 206.3. 
(c) Practical quantitation limit using EPA method 210.2. 
(d) Marine criteria for hexavalent chromium. 
(e) Practical quantitation limit using EPA method 245.2. 
(f) Qeanup standard based on 10"̂  cancer risk for benzo(a)pyrene. 
(g) Ecology, February 1991 MTCA Qeanup Levels (Chapter 173-340 WAC). Oral 

references doses and oral slope factors obtained from Health Effects Assessment 
Summary Tables (HEAST) EPA, January 1991. 

(h) For hexavalent chromium only; cleanup levels for trivalent chromium and total 
chromium are greater than 65,000 ppm. 

(i) Resource Conservation and Recovery Act criteria (Chapter 173-303 WAC and 40 
CFR Part 26). 

(j) Toxicity Characteristics Revisions (40 CFR Part 261). 
(k) July 1990 metals data for wells MW-281 and MW-291 were not included due to 

quality control problems. 
(I) After silica gel cleanup. 
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Tabic L-S - Sutistical Summaiy aod MTCA Retidcalial Excec4cDcei in Ohio Fcrto-Alloy Ditch Sediment Samples 

Dcteclioa Maximum 

Frequeocy Detectioa 

Upper 95lb MTCA Method B 

Location of CoaTidcuce Limit Soil Cleanup 

Maximum Avenge of Ihc Mean (a) Level - Residential 

Number o( Samples MTCA Method C Number of Samples 

Exceeding Levels/ Soil Cleanup Exceeding Levels/ 

Number Analyzed Level - Commercial Number Analyzed 

Toul Meuls 

in mg/kg (ppm) 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Zinc 

Miscellaoeoua Parameten la % 

Toul Orgaaic Carbon 

4 / 4 

4 / 4 

4 / 4 

4 / 4 

4 / 4 

0 / 4 

4 / 4 

4 / 4 

2 / 2 

260 

3.4 
250 

350 

210 
O.I U 

29 
500 

ODS-103B 

ODS-A & 103B 

ODS-B 

ODS-103B 

ODS-103B 

ODS-B 

ODS-103B 

167. 

3.1 

125. 

255 

US 

26.7 
332. 

ODS-B 6.9 

282. 

3.58 

214. 

342. 

206. 

29.0 

476. 

7.34 

20 A 

40 

400 (h) 
2,970 

250 A 

24 
1.600 
6,000 

4 / 4 

0 / 4 

0 / 4 

0 / 4 
0 / 4 

0 / 4 
0 / 4 

0 / 4 

23 

160 

1,600 

11,890 

96 
6,400 

64,000 

(h) 

4 / 4 

0 / 4 
0 / 4 

0 / 4 

0 / 4 

0 / 4 
0 / 4 

SemivoUtile Orgaruc Compouods 

in mg/kg (ppm) 

4-Mcthylpbeaol 

Bia(2-cUixU>exyl)pfalhaIatc 
4 / 4 
3 / 4 

3 4 I ODS-A 

0.38 J ODS-103A 

2.87 

0.25 

3.52 

0.35 71 0 / 4 2,860 0 / 4 

Carcioogcoic PAHs 

in mg/kg (ppm) 4 / 4 4.84 J ODS-I03A 0.84 0.97 1.0 A 4 / 4 3.5 2 / 4 

>xl 

CW 

re 

Noa-carcioogcaic PAHs 

io mg/kg (ppm) 

Acenaphthene 

Acenapthylene 

Aolhraccoe 

Benzo(g,h,i)peryleae 

Pluoraalhene 

Fluorene 

2-Mcthylaapbthaleoe 

Naphthalene 

Phenanthrene 

Pyrene 

ToUl Noo-eareioogeiiic PAHs 

UFAD-BC.WKI/CLX 

4 / 4 5,105 J ODS-103A 4.51 5.36 

Note: DaU qualifier* and cross rcfereoces are presented in Table L-6. 

4,800 

24,000 

3,200 
3,200 

0 / 4 

0 / 4 

0 / 4 
0 / 4 

320 

2,400 

14,000 

0 / 4 

0 / 4 
0 / 4 

19,200 

96.000 

12.800 

12,800 

1.280 

9,600 

0 / 4 

0 / 4 

0 / 4 

0 / 4 

0 / 4 

0 / 4 
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Table L-4 - Statistical Summary and MTCA Residential Exceedences in Pennwall Ag-Chem Ditch Sediment Samples Sheet 2 of 2 

Miscellaoeoua Parameten in X 

Tolal Organic Carbon 

in mg/kg (ppm) 

Benzene 

Toluene 

Ethylbenzene 

Toul Xylene 

Miscetlartcous Parameten 

in mg/kg (ppm) 

OC-FID Screen 

Deiection 

Frequency 

3 

0 

3 

0 

0 

1 

/ 

/ 
/ 
/ 
/ 

/ 

3 

4 

4 

4 

4 

1 

Maximum 

Delectioa 

3.8 

0 0 1 U 

0.039 

0.01 U 

0.01 U 

103 

Location of 

Maximum Average 

PDS-A 2.466 

PDS-I06-D 0.015 

SS-1 

Upper 95th 

Confidence Limit 

of Ihc Mean (a) 

3.77 

0.03 

MTCA Meihod B 

Soil Cleanup 

Level - Residential 

— 

34 

16,000 

8,000 

160,000 

Number of Samples 

Exceeding Levels/ 

Number Aiulyzed 

— 

0 / 4 

0 / 4 

0 / 4 

0 / 4 

MTCA Method C 

Soil Cleanup 

Level - Commercial 

— 

1.380 

64.000 

32.000 

640.000 

Number of Samples 

Exceeding Levels/ 

Number Analyzed 

— 

0 / 4 

0 / 4 

0 / 4 

0 / 4 

Note: DaU qualifiers and cross references sre presented in Table L-6. 
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Tabic L-4 - Statistical Summary and MTCA Residential Exceedences in Pennwalt Ag-Chcm Dilch Sediment Samples Sheet 1 of 2 

Detection Maximum 

Frequency Detection 

Location of 

Maximum Average 

Upper 95lh 

Conndcnce Limit 

of the Mean (a) 

MTCA Meihod B 

Soil Cleanup 

Level - Residential 

Number of Samples 

Exceeding Levels/ 

Number Analyzed 

MTCA Method C 

Soil Cleanup 

Level - Commercial 

Number of Samples 

Exceeding Levels/ 

Number Aiulyzed 

Toul McUls 

in mg/kg (ppm) 

Arsenic 

Cadmium 

Chromium 

Copper 

U a d 

Mercury 

Nickel 

Zinc 

Chlorinated Pesticides 

in mg/kg (ppm) 

PCBs in mg/kg (ppm) 

Orgaoopbospboroua Pcsticidca 

in mg/kg (ppm) 

5 / 

3 / 

5 / 

5 / 

S / 

3 / 

5 / 

5 / 

0 / 

0 / 

0 / 

S 

5 

5 

5 

S 

5 

5 

5 

6 

5 

4 

46 

1.6 
28 

75 

57 
0.4 
490 
400 

ND 

ND 

SS-1 

SS-1 
SS-1 

SS-1 

PDS-A 
SS-1 

PDS-A 
SS-1 

26.7 

0.78 
17.38 

36.6 

31.4 
0.14 

191.2 
147.2 

36.6 

1.29 

23.4 

57.0 

46.9 

0.23 

348. 

268. 

20 A 

40 

400 (h) 

2,970 

250 A 

24 

1,600 

16,000 

3 / 

0 / 

0 / 

0 / 

0 / 

0 / 

0 / 

0 / 

23 
160 

1,600 

11,890 

96 
6,400 

64,000 

(h) 

3 / 5 
0 / 5 
0 / 5 

0 / 5 

0 / 5 
0 / S 
0 / 5 

ND J 

Chlorinated Heitlcldea 

in mg/kg (ppm) 0 / 4 ND 1 

Caivioogeaie PAHa 

io mg/kg (ppm) 4 / 4 2.477 PDS-104-D 0.536 0.92 1.0 A 1 / 4 3.5 0 / 4 

• T 3 

W 
cro 

CD 

tr' 

Noo-carcinogeoic PAH* 

io mg/kg (ppm) 

Acenaphthene 

Accnapthyleite 

Anthracene 

BcnzcKg ,b, i)peiy lene 

Fluoranthene 

Fluorene 

2-Methylnaphthaleae 

Naphthalene 

Phenanthrene 

Pyrcoe 

Toul Noa-carcioogcaic PAHa 4 / 4 3.536 PDS-104-D 1.370 2.72 

4,800 

24.000 

3,200 
3,200 

320 

2,400 
14,000 

0 / 

0 / 

0 / 
0 / 

0 / 

0 / 

0 / 

19.200 

96.000 

12.800 

12.800 

1,280 

9.600 

0 / 4 

0 / 4 

0 / 4 

0 / 4 

0 / 4 

0 / 4 

X 
p 

C
row
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Tabic L-3 - Sutistical Suomiary and MTCA Residential Exceedences in Ohio Fcrro-Alluy/Pconwalt Arca Soil Samples Sheet 3 of 3 

Excluding Waste 

Material Samples 

Pcsticides/PCBa 

in mg/kg (ppm) 

4.4 '-DDE 

4.4'-DDD 

4 . 4 - D D T 

TCLP Polynuclear Arooutic 

Hydiocarbooa in mg/L (ppm) 

Naplhalcoe 

Acenapthylene 

Acenapthene 

Fluorene 

Pheiunthrcne 

Anihraccne 

Fluoranthene 

Pyrene 

Bcnzo(a)anlhiaccnc 
Chrysene 

Bcnzo<b)nuoranthcne 

Be nzo(k)fl uoranthene 

Bcazo(a)pyrene 

Dibeazo(a,b)anthracei>c 

Benzo(g,h,i)peiyleae 

Indcno(l,2,3-cd)pyieoe 

Miacellaneoua Parameten 

io mg/kg (ppm) 

GC-FID Screen 

OC-FIO Screen 8015 Modified 

(3C-F1D SctccQ aOlS Modified 0) 

TPH (418.1) 

Detectioa 

Frequency 

1 

1 

1 

0 
0 

0 

0 

0 

0 

0 

0 

28 

18 

6 

9 

/ 
/ 
/ 

7 

7 

7 

/ 38 

/ 18 

/ 
/ 

6 

9 

Maximum 

Detec tio< 

0.029 

0.17 

0.042 

0.51 

0.0023 

0.19 

0.096 

0.16 

0.019 

0.019 

0.019 

0.001 

OOOl 

0.001 

0.001 

0.001 

0.002 

0.001 

0.001 

1.200 

9.000 

7.000 

l.SOO 

I 

J 

J 
J 

J 

BJ 

/ 
J 
U 

U 

U 

U 
U 

U 

U 

u 

J 

J 

J 

Location of 

Maximum 

TPl l l /S -1 

T P l l l / S - 1 

TP l l l /S -1 

TP-207/S-1 

TP-205/S-2 

TP-207/S-1 

TP-207/S-1 

TP-207/S-1 

TP-207/S-1 

TP-207/S-I 

TP-C07/S-1 

TP-124/S-1 

TP-207/S-1 

TP-207/S-1 

SS-104 

Upper 95lh 

Conndence Limit 

Average of the Mean (a) 

0.013 

0.033 

0.015 

0.114 

0.001 

0.049 

0.025 

0.CM3 

0.005 

0.005 

0.004 

129.5 

670.7 

1433. 

578.6 

MTCA Meihod B 

Soil Cleanup 

Level - Residential 

Number of Samples 

Exceeding Levels/ 

Nuniber Analyzed 

MTCA Method C 

Soil Cleanup 

Level - Commerc'ul 

Number of Samples 

Exceeding Levels/ 

Number Analyzed 

0.303 

0.117 

0.060 

O.IOO 

0.011 

0.011 

OOU 

198.8 

1501. 

3483. 

829.5 

3.0 

4.2 
3.0 

0 / 7 

0 / 7 

0 / 7 

118 

167 

118 

0 / 7 

0 / 7 

0 / 7 

m 
CD 

I 
c» 

Organopbotpboroua Pesticide* 0 / 8 

Chlorinated Heti>icidc« 0 / 0 

ND 

OfA-l>C,V«l/CLIt 

Note: DaU qualifien and cross references sre presented in Table L-6. 
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Table L-3 - Statistical Summaiy and MTCA Residential Exceedences in Ohio Fcno-Alloy/Pennwall Arca Soil Samples Sheet 2 of 3 

Excluding Waste 

Material Samples 

Detection Maximum 

Frequency Detection 

Upper 9Slh MTCA Meihod B Number of Samples MTCA Method C Number of Samples 

Location of Confidence Limit Soil Cleanup Exceeding Levels/ Soil Cleanup Exceeding Levels/ 

Maximum Average of the Mean (a) Level - Residential Number Analyzed Level - Commercial Nimiber Analyzed 

VolaUle Organic Compotmda 

in mg/kg (ppm) 

Vinyl chloride 

Acetone 

Carbon disulfide 

trans-1,2-Dichloroethene 

cis-1,2-Dichloroethene 

Tolal 1,2-Dichlorocthene 

2-Butanone (MEK) 

1,2-Dichloroethane 

Trichloroethene 

Benzene 

Toluene 

Ethylbenzene 

Total Xylene 

0 / 

0 / 

0 / 

0 / 

0 / 

0 / 

1 / 

0 / 

0 / 

0 / 

1 / 

0 / 

1 / 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

0.002 

0.3 

0.002 

0.002 

0.002 

0.002 

0.054 

0.002 

0.002 

0.002 

0.0O4 

0.002 

0.005 

U 

U 

U 

U 

U 

U 

U 

U 

U 

u 

— 
— 
— 
— 
— 
— 
HC-5S/S-2 

TP13I/S-1 

HC-4S/S-2 

0.010 

0.001 

0.001 

0.53 

8,000 

8,000 

1,600 

800 

800 

4,000 

11 

91 

34 

16,000 

8,000 

60,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

21 

32,000 

32,000 

32,000 

3,200 

3,200 

16,000 

440 

3,636 

1,380 

64,000 

32.000 

640.000 

0. / 7 

0 / 7 

0 / 7 

0 / 7 

0 / 7 

0 / 7 

0 / 7 

0 / 7 

0 / 7 

0 / 7 

0 / 7 

0 / 7 

0 / 7 

Semivolatile Organic Compounds 

in mg/kg (ppm) 

Dibenzofuran 2 / 3 

Bi8(2-cthylhexyl)pbUialate 0 / 3 

Di-n-octyl phthalate 0 / 3 

120 J TP-207 Rep. 

240 U 

240 U 

40.53 135.2 

71 

1.600 

0 / 3 
0 / 3 

2.860 

6.400 

0 / 3 
0 / 3 

Carcinogenie PAHs 

in mg/kg (ppni) 10 / 10 8.930 TP-207 Rep. 249.4 658.5 1.0 A 9 / 10 3.5 7 / 10 

P 
OQ 

m 

r 
I 

Non-carcinogenic PAHs 

in mg/kg (ppm) 

Acenaphthene 

Acenapthylene 

Anthracene 

Benzo(g,h,i)p<iyIene 

Fluoranthene 

Fluorene 

2-Mcthylnaphthalene 

Naphthalene 

Phenanthrene 

Pyrene 

ToUl Noo-carcioogcnic PAHs 10 / 10 15,440 TP-207 Rep. 1614. 4287. 

4,800 

24,000 

3,200 

3,200 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

320 

2,400 
14,000 

1 / 10 

1 / 10 

1 / 10 

19,200 

96,000 

12,800 

12,800 

1,280 

9.600 

0 

0 

0 

0 

0 

0 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

X 
p 
« - l 

( — " - > • C
row

ser 
-2350-07 



Table L-3 - Sutistical Summary and MTCA Residential Exceedences in Ohio Fcrro-Alloy/Pcnnwall Area Soil Samples Sheet 1 of 3 

Excluding Waste 

Material Samplea 

Detection Maximun 

Frequency Detection 

Upper 95lh MTCA Meihod B Number of Samples MTCA Method C Number of Samples 

Location of Confidence Limit Soil Cleanup Exceeding Levels/ Soil Cleanup Exceeding Levels/ 

Maximum Average ofthe Mean (a) Level - Residential Number Analyzed Level - Commercial Number Analyzed 

ToUl MeUls 

in mg/kg (ppm) 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

45 / 4 S 

35 / 4 5 

44 / 4 5 

45 / 4 5 

29 / 4 5 

8 / 8 

21 / 4 5 

44 / 45 

0 / 5 

0 / 5 

45 / 4 5 

240 

11 

3,000 

1,500 

1,100 

110 

2 

290 

5 

1 

550 

J 

U 

U 

B 

SS-TCLP-1 

TPI32/S-I 

HC-11 S/S-1 

TP125/S-2 

TPI25/S-2 

llC-25 S-3 ; llC-26 s-2 

TP130/S-2 

TPllO/S-2 

TP132/S-1 

48.77 

1.4S3 

191.5 

163.0 

105.5 

80.93 

0.195 

34.53 

137.8 

64.34 

1.868 

317.7 

227.3 

155.8 

94.70 

0.289 

47.62 

171.8 

20 

40 

400 

2,970 

250 

8,000 

24 

1.600 

— 
240 

16,000 

A 

(h) 

A 

25 / 4 5 

0 / 45 

5 / 4 5 

0 / 4 5 

4 / 4 5 

0 / 8 

0 / 45 

0 / 45 

— 
0 / 5 

0 / 4 5 

23 

160 

1,600 (h) 

11,890 

32,000 

96 

6,400 

960 

64,000 

22 / 45 

0 / 4 5 

1 / 4 5 

0 / 4 5 

0 / 8 

0 / 45 

0 / 4 5 

0 / 5 

0 / 4 5 

EP Tox MeUls 

in mg/L (ppm) 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 

Mercuiy 

Nickel 

Zinc 

0 / 

7 / 

0 / 

0 / 

2 / 

1 / 

0 / 

1 / 

6 / 

8 

8 

8 

8 

8 

8 

8 

8 

8 

0.2 

0.3 

0.01 

O.I 

1.7 

1.8 

0.005 

0.2 

0.5 

U 

U 

U 

J 

J 

U 

} 

TP125/S-2-

TP126/S-1 

TP126/S-1 

HC-11 S/S-1 

TPI32/S-I 

0.181 

0.3 

0.268 

0.068 

0.25 

0.228 

0.662 

0.359 

P 
(JQ 

r 
I 

TCLP MeUls 

in mg/L (ppm) 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

1 / 

5 / 

0 / 

0 / 

0 / 

0 / 

0 / 

0 / 

0 / 

0 / 

5 / 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

0.42 

0.71 

0.01 

O.I 

0.1 

0.1 

0.005 

0.1 

0.2 

0,1 

0.55 

U 

U 

U 

U 

u 
u 
u 
u 

SS-TCLP-1 

SS-TCLP-1 

SS-TCLP-5 

0.164 

0.538 

0.492 

0.635 

0.531 

X 
p 

Ln 9 

o n> 



Table L-2 - Statistical Summary and MTCA Residential Exceedences in North Site Area Soil Samples Sheet 2 of 2 

Excluding Waste 

Material Samples 

Detection Maximum Location of 

Frequency Detection Maximum 

Upper 95th 

Confidence Limit 

Average of the Mean (a) 

MTCA Meihod B Number of Samples MTCA Method C Number of Samples 

Soil Cleanup Exceeding Levels/ Soil Cleanup Exceeding Levels/ 

Level - Residential Number Analyzed Level - Commercial Number Analyzed 

Noa-carcinogeaic PAH* 

in mg/kg (ppm) 

Acenaphthene 

Aceoapthylene 

Anthracene 

Benzo(g ,h, i)perylene 

Fluoranthene 

Fluorene 

2-Methylnaphlhalene 

Naphthalene 

Phenanthrene 

Pyrene 

ToUl Non-carcinogenic PAHs 

4,800 

24,000 

3,200 

3,200 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

/ 10 28.31 TP-1I5/S-1 9.143 14.38 

320 

2,400 

14,000 

0 / 10 

0 / 10 

0 / 10 

19,200 

96,000 

12,800 

12,800 

1,280 

9,600 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

Miscellaneous Parameten 

in mg/kg (ppm) 

GC-FID Screen 2 / 5 26 HC-8S/S-2 11.4 19.45 

Pesticides/PCBs 

in mg/kg (ppm) 0 / 5 ND 

NSA-BC.WKI/CLK 

Note: DaU qualifiers and cross references are presented in Table L-6. 

p 
OQ 
fl 

Ln 

X 
p 
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Table L-2 - Statistical Summaty and MTCA Residential Exceedences in North Site Area Soil Samples Sheet 1 of 2 

Excluding Waste 

Material Samples 

ToUl McUls 

in mg/kg (ppm) 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Zinc 

Volatile Organic Compounds 

in mg/kg (ppm) 

Vinyl chloride 

Methylene Chloride 

Acetone 

Carbon disulfide 

trans-1,2-Dichloroclhene 

cis-1,2-Dichloroethene 

Tolal 1.2-Dichloroethene 

2-Butanone (MEK) 

Trichloroethene 

Benzene 

Toluene 

Ethylbenzene 

Tolal Xylene 

Detection 

Frequency 

14 

5 

14 

14 

9 

4 

14 

14 

2 

2 

5 

0 
1 

2 

2 

3 

0 

0 

0 

0 

0 

14 

14 

14 

14 

14 

14 

14 

14 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Maximum 

Detcclion 

27 

2.4 

34 

170 

68 

2 

160 

120 

0.008 

0.002 

0.12 

0.003 

0.002 

0.008 

0.01 

0.036 

0.003 

0.003 

0.003 

0.003 

0.003 

I 

B 

B 

U 

U 

U 

U 

U 

U 

Location of 

Maximum 

TP116/S-2 

TP1I8/S-I 

TP119/S-2 

TP116/S-2 

TPI18/S-1 

TPII6/S-2 

TP116/S-2 

TPII8/S-1 

HC-21/S-I 

1IC-9S/S-I. 19S/S-

HC-9S/S-1 

TP116/S-2 

TPl 16/S-2 

TP116/S-2 

TP114/S-1 

Averai 

12.52 

0.665 

20.71 

40.92 

18.64 

0.335 

27.51 

50.35 

0.002 

2 0.001 

0.081 

0.001 

0.001 

0.002 

0.008 

Upper 95lh 

Confidence Limit 

of the Mean (a) 

16.46 

0.988 

23.77 

59.23 

27.00 

0.605 

45.50 

62.55 

MTCA Method B 

Soil Cleanup 

Level - Residenlial 

Number of Samples 

Exceeding Levels/ 

Number Analyzed 

MTCA Meihod C 

Soil Cleanup 

Level - Commercial 

Number of Samples 

Exceeding Levels/ 

Number Analyzed 

0.003 

0.001 

O.IOS 

0.003 

0.003 

0.015 

20 

40 

400 

2,970 

250 

24 

1,600 

16,000 

A 

(h) 

A 

6 / 14 

0 / 14 

0 / 14 

0 / 14 

0 / 14 

0 / 14 

0 / 14 

0 / 14 

0.53 

133 

8,000 

8,000 

1,600 

800 

800 

4,000 

91 

34 

16,000 

8,000 

160,000 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

/ 10 

0 / 10 

0 / 10 

0 / 10 

23 

160 

1.600 

11,890 

96 

6.400 

64,000 

(h) 

2 / 14 

0 / 14 

0 / 14 

0 / 14 

0 / 14 

0 / 14 

0 / 14 

21 

5.333 

32,000 

32,000 

32,000 

3,200 

3,200 

16,000 

3.636 

1,380 

64.000 

32.000 

640,000 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

P 
OQ 
fD 

r 

Semivolatile Organic Compounds 

in mg/kg (ppm) 

Dibenzofuran 

Bis(2-ethylhexyl)phlhalat6 

Di-n-oclyl phthalate 

Carcinogenic PAH* 

in mg/kg (ppm) 

1 / 10 

3 / 10 

1 / 10 

8 / 10 

0.1 

0.19 

0.55 

18.35 

HC-21 S/S-1 

HC-9S/S-1 

HC-8S/S-2 

TP-I15/S-I 

0.041 

0.127 

0.081 

0.925 

0.183 

1.403 

71 

1,600 

1.0 A 

0 / 10 

0 / 10 

6 / 10 

2,860 

6,400 

3.5 

0 / 10 

0 / 10 

5 / 10 P 

to O 
Ui 
Ln 
O 
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Table L-1 - Statistical Summary and MTCA Residential Exceedences in Oencral/Fill Area Soil Samples Sheet 2 of 2 

Excluding Waste 

Material Samples 

Detection Maximum 

Frequency Deiection 

Upper 95lh MTCA Meihod B Number of Samples 

Localion of Confidence Limit Soil Cleanup Exceeding Levels/ 

Maximum Average of the Mean (a) Level - Residential Number Analyzed 

MTCA Method C Number of Samples 

Soil Cleanup Exceeding Levels/ 

Level - Commercial Number Analyzed 

Noo-carcinogenic PAHs 

in mg/kg (ppm) 

Acenaphthene 

Acenapthylene 

Anthracene 

Benzo(g,h,i)peiylene 

Fluoranthene 

Fluorene 

2-Methylnaphthalene 

Naphthalene 

Phenanthrene 

Pyrene 

ToUl Non-carcinogenic PAHs 

4,800 

24,000 

3,200 

3,200 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

2 / 10 5.59 TP107/S-1 0.852 1.768 

320 

2,400 

14,000 

0 / 10 

0 / 10 

0 / 10 

19,200 

96,000 

12,800 

12,800 

1,280 

9,600 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

0 / 10 

Note: DoU qualificrB and cross references are .presented in Table L-6. 

ONL-BC-WKl/CLK 

X 
p 

P 
OQ n 

r 
I 

L i 
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Ln 
O 
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o 
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n 
o 
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Table L-1 - Statistical Summaiy and MTCA Residenlial Exceedences in General/Fill Arca Soil Samplea Sheet 1 of 2 

Excluding Waste 

Material Samples 

ToUl MeUls 

in mg/kg (ppm) 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Zinc 

Volatile Oigaoic Compounds 

in mg/kg (ppm) 

Vinyl chloride 

Acetone 

Carbon disulfide 

Irans-1.2-Dichloroethene 

cis-1.2-Dichloroethene 

Total 1.2-Dichloroethene 
2-Bulanone (MEK) 

Trichloroethene 

Benzene 

Toluene 

Ethylbenzene 

Total Xylene 

Miscellaneous Paramtcn 

in mg/kg (ppm) 

GC-FID Screen 

Detection 

Frequency 

12 

6 

13 

13 

4 

0 

12 

13 

0 

0 

1 

0 

0 

0 

2 

0 

0 

0 

0 

0 

5 / 

13 

13 

13 

13 

13 

13 

13 

13 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

10 

Maximum 

Deteclior 

12 

1.1 

27 

60 

43 

O.I 

200 

65 

0.002 

0.14 

0.004 

0.002 

0.002 

0.002 

0.016 

0.002 

0.002 

0.002 

0.002 

0.002 

590 

B 

U 

B 

U 

U 

U 

U 

U 

U 

U 

U 

u 
u 

Location of 

Maximum 

TP107/S-1 

HC-2S/S-I 

TP107/S-I 

TP107/S-1 

TPI07/S-1 

SS-10 Fill 

TPI07/S-1 

TP103/S-2 

HC-lS/S-2 

TPI07/S-I 

Average 

3.234 

0.533 

17.92 

19.80 

9.884 

25.77 

29.84 

0.001 

0.005 

85.77 

Upper 95lh 

Confidence Limit 

of the Mean (a) 

4.576 

0.697 

20.53 

26.30 

15.02 

50.96 

36.78 

0.009 

186.0 

MTCA Meihod B 

Soil Cleanup 

Level - Residenlial 

20 A 

40 

400 (h) 

2,970 

250 A 

24 

1,600 

16,000 

0.53 

8,000 

8,000 

1,600 

800 

800 

4,000 

91 

34 

16,000 

8,000 

160,000 

Number of Samples 

Exceeding Levels/ 

Nuniber Analyzed 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

/ 13 

/ 13 

/ 13 

/ 13 

/ 13 

/ 13 

/ 13 

/ 13 

/ 7 

/ 7 

/ 7 

/ 7 

/ 7 

/ 7 

/ 7 

/ 7 

/ 7 

/ 7 

/ 7 

/ 7 

MTCA Method C Number of Samples 

Soil Cleanup Exceeding Levels/ 

Level - Cormnercial Number Analyzed 

23 

160 

1,600 

11,890 

96 

6,400 

64,000 

(h) 

0 / 13 

0 / 13 

0 / 13 

0 / 13 

0 / 13 

0 / 13 

0 / 13 

21 

32,000 
32,000 

32,000 
3,200 
3.200 

16.000 
3.636 

1.380 

64.000 

32.000 

640.000 

0 / 

0 / 

0. / 
0 / 

0 / 
0 / 
0 / 

0 / 

0 / 

0 / 

0 / 

0 / 

7 

7 
7 

7 
7 

7 
7 
7 

7 

7 

7 

7 

P 
era 
n 

r 
t 

t o 

Semivolatile Organic Compounda 

in mg/kg (ppm) 

Dibenzofuran O i l 0.16 U 

Bis(2-ethylhexyl)phthalate 0 / 7 0.59 U 

Di-n-octylphthalate 1 / 7 0.41 B 

Carcinogenic PAH* 

in mg/kg (ppm) 1 / 10 0.42 

HC-3S/S-2 

TPI03/S-2 

0.085 

0.162 

71 

1.600 

1.0 A 

0 / 7 

0 / 7 

0 / 10 

2.860 

6,400 

3.5 0 / 10 

X 
p 

(o n 
Ln 
O 
I o 

- J 
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APPENDIX L 
COMPARISON OF SOIL AND DITCH SEDIMENT QUALITY DATA WITH 
MTCA RESIDENIIAL CLEANUP LEVELS 

Tables L-1 through L-5 presented in this appendix compare the soil and 
ditch sediment quality data collected during this study with the most 
stringent MTCA soil cleanup levels for residential use. Table L-6 
presents the qualifiers and cross reference notes used in Tables L-1 
through L-5. These comparisons are provided for informational 
purposes only and have not been used in the disctissions of this report. 
It is understood that these values would not be applicable at this site 
due to preclusion of site use for residential purposes as defined by 
Tribal Settlement Agreement. The Tribe is determined to use the 
property for industrial purposes only as defined in the Tribal Council 
Resolution and the proposed Draft Port/Tribe Implementing 
Agreement. 
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